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Ventilation  studies  tc  determine  the  suitaoility  of  a  Package  Venti- 
la  ion  Kit  (PVK)  to  adequately  ventilate  an  adiabatic,  compartmented , 
sinulated  protective  shelter  were  conducted  during  the  period  April  21  - 
June  26,  1965  at  Protective  Structures  Development  Center,  Fort  Belvoir, 
Virginia.  The  structure  tested  was  designed  to  represent  a  typical  "des¬ 
ignated  area"  in  the  core  of  a  multi-story  building,  and  was  erected  in  the 
basement  of  the  1000  Person  Shelter,  Building  2591,  Fort  Belvoir,  Virginia. 

A  total  of  1000  individual  simulated  occupants  were  installed  and  by 
adjustment  of  their  operating  voltage  made  to  simulate  112  persons  for  a 
shelter  loading  rate  of  1  occupant  per  ten  square  feet  of  floor  area. 

Ventilation  rates  of  from  8  to  25  cubic  feet  per  minute  per  occupant 
were  employed;  -he  ventilation  air  was  conditioned  in  accordance  with  the 
"17o  High  Design  Day"  for  the  Washington  (Springfield,  Virginia)  area. 

Thermal  responses  of  the  shelter  as  a  whole  and  of  the  individual  rooms 
were  determined  for  both  diurnal  and  steady-state  tests. 

The  average  thermal  response  of  the  shelter  as  a  whole  followed  closely 
that  predicted,  based  on  an  assumption  of  adiabatic  operation,  i.e.,  no  heat 
transfer  through  the  shelter  boundary  surfaces.  Thermal  responses  of  the 
individual  r:)oms,  however,  departed  from  those  predicted  on  an  assumption 
that  each  room  received  a  quantity  of  ventilation  air  commensurate  with  its 
occupant  loading.  It  was  apparent  that  rooms  not  in  the  direct  flow  path 
of  the  ventilation  air  did  not  receive  their  pro-rata  share. 

At  no  ventilation  rate  tested  utilizing  the  PVK  could  a  habitable 
thermal  environment  be  maintained  in  all  of  the  shelter  rooms,  throughout 
a  complete  diurnal  cycle,  as  measured  by  a  criterion  of  85  F  maximum  ef¬ 
fective  temperature.  The  side  rooms  exhibited  effective  temperatures  above 
85  F  at  some  time  during  a  diurnal  cycle  for  all  air  flow  rates  in  both  sup¬ 
ply  and  exhaust  configurations,  except  when  these  rooms  were  in  the  direct 
flow  path  of  the  ventilation  air  (Series  flow)  or  when  auxiliary  air  moving 
devices,  (Punkah  Pumps),  were  deployed.  For  a  criterion  of  85  F  average  ef¬ 
fective  temperature  the  entire  shelter  could  be  adequately  ventilated  by  a 
PVK  in  an  exhaust  configuration  supply  14  cfm  of  air  per  occupant  when 
Punkah  Pumps  were  employed  and  the  air  was  conditioned  to  follow  the  diurnal 
cycle.  For  these  same  conditions  of  supply  air,  but  with  the  PVK  in  a  sup¬ 
ply  configuration,  16  cfm  were  required  to  render  all  rooms  habitable.  When 
Punkah  Pumps  were  not  employed,  the  side  rooms  exceeded  an  average  effective 
temperature  of  85  F  at  some  time  for  all  ventilation  rates  employing  a  com¬ 
plete  diurnal  cycle.  A  ventilation  arrangement  in  which  each  room  received 
in  series,  all  of  the  ventilation  air,  produced  the  lowest  average  shelter 
effective  temperatures. 

A  baffle  which  caused  fresh  ventilation  air  to  impinge  on  the  doorways 
to  the  "side"  rooms  blocked  the  normal  egress  of  thermal  currents  and  re¬ 
sulted  in  less  favorable  environmental  conditions  than  when  no  baffle  was 
emp loyed . 

Difficulty  was  experienced  in  the  utilization  of  polyethylene  film 
flexible  ductwork  in  that  flow  patterns  were  unstable  and  the  duct  exhibited 
a  tendency  to  collapse  when  bent  to  pass  around  obstructions.  Flow  through 
the  duct  could  be  stabilized  by  restraining  its  free  end  and  by  obstructing 
about  one-third  of  the  exhaust  area. 
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I.  FOREWORD 


An  investigation  of  the  thermal  response  of  specialized  protective 
structures,  or  of  areas  within  conventional  buildings  designated  as  shel¬ 
ters,  is  a  useful  preliminary  to  planning  the  vencilation  equipment  which 
must  be  built  into  or  provided  as  part  of  th^  shelter  supply  and  equipment 
package.  The  ventilating  or  cooling  capacity  to  be  provided  depends  m 
the  anticipated  tolerance  of  the  shelter  occupants  to  adverse  thermal  en¬ 
vironments,  on  the  severity  of  the  ambient  weather  to  be  expected  at  the 
shelter  location,  and  on  the  ability  of  the  shelter  structure  to  transfer 
out  part  of  the  heat  released  therein,  rather  than  depending  for  i'.s  re¬ 
moval,  entirely  on  the  thermal  capacity  of  the  ventilation  air. 

The  thermal  response  of  a  structure  or  area  may  be  determined  by 
computations  using  a  mathematical  model,  by  conducting  a  simulated  oc¬ 
cupancy  test,  or  by  actual  occupancy.  The  first  method  is  the  most  eco¬ 
nomical  of  time  and  money,  but  involves  assumptions  as  to  shelter  geometry, 
thermal  properties  of  the  surroundings,  and  mechanisms  of  heat  transfer 
which  may  be  difficult  to  make  or  justify.  The  latter  method,  the  actual 
"live"  occupancy  test,  is  most  expensive  to  conduct,  and  if  pushed  to  ex¬ 
tremes,  m ai  involve  danger  to  health.  However,  it  is  capable  of  answering 
psychological  as  well  as  physiological  questions  not  considered  in  the 
mathematical  or  thermal  simulation.  Occupancy  tests  in  which  the  actual 
shelter  is  employed,  and  in  which  the  release  of  metabolic  heat  and  mois¬ 
ture  is  simulated  by  devices,  while  the  shelter  is  provided  with  a  venti¬ 
lation  supply  programmed  to  duplicate  selected  ambient  conditions,  may  be 
expected  to  provide  results  of  perhaps  greater  validity  than  the  first 
method  for  less  effort  ar.d  danger  than  the  latter. 

The  Engineering  and  Industrial  Experiment  Station  of  the  University 
of  Florida,  Gainesville,  Florida,  has  made  a  series  of  simulated  occupancy 
tests  at  various  locations  throughout  the  United  States.  These  tests,  con¬ 
ducted  under  Contracts  OCD-OS-62-116  and  B- 64225- (4949A- 17)  Uf ,  for  the 
Office  of  Civil  Defense,  Department  of  Defense,  have  been  largely  con¬ 
cerned  with  shelters  of  simple  geometry,  located  underground,  in  environ¬ 
ments  that  permitted  some  heat  loss  by  transfer  to  the  surroundings.  In 
contrast,  the  simulated  shelter  to  be  tested  in  the  present  investigation 
is  of  compartmented  geometry,  has  been  insulated  to  prevent  heat  transfer, 
and  is  considered  to  represent  a  typical  "designated"  shelter  area  in  a 
multi-story  building.  In  addition,  the  efficacy  of  air  deflecting  and  air 
fanning  devices  is  to  be  considered  as  they  effect  a  more  even  distribution 
of  environmental  conditions  throughout  the  "rooms"  of  the  shelter. 

A  criterion  frequently  selected  for  evaluation  of  shelter  environments 
is  "effective"  temperature.  The  "effective"  temperature  represents  a  com¬ 
bination  of  the  contributions  of  air  temperature,  humidity,  and  motion  as 
they  affect  a  person's  subjective  evaluation  of  whether  one  environment  is 
"better"  or  "worse"  than  another.  By  virtue  of  a  multiplicity  of  tests, 
it  has  been  possible  to  assign  numerical  values  to  "effective"  temperatures 
for  the  environments  normally  encountered.  In  the  heat  stress  region  above 
80  F  "effective"  temperature,  there  have  been  relatively  few  subjective 
experiments  performed.  There  is  as  yet  no  general  agreement  as  to  the 
level  of  "effective"  temperature  which  may  be  successfully  tolerated  for 
extended  periods  by  an  "average"  population.  The  tolerance  level  for  the 
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aged  and  infirm  has  also  not  been  established.  There  is  a  question  as  to 
whether  the  body  is  irreversibly  damaged  by  high  effective  temperature 
transients,  or  can  tolerate  these  if  the  average  "effective"  temperature 
does  not  exceed  some  selected  value.  Experimental  studies  are  being  mad" 
of  these  problems  and  it  is  anticipated  that  conclusions  based  upon  cri¬ 
teria  of  85  degree  maximum  or  85  degree  average  effective  temperature  may 
have  to  be  later  modified.  Both  criteria  have  been  considered  in  this  in¬ 
vestigation. 

In  order  to  supplement  the  natural  vent  elation  capabilities  of  "de¬ 
signated  area"  shelters,  air  moving  devices  capable  of  being  driven  by 
muscular  exertion  have  been  developed .  ne  such  device,  a  Package  Ven¬ 
tilation  Kit  shown  in  the  accompanying  v  otograph,  may  be  driven  by  one 
to  three  operators.  The  fan  capacities  ier  various  combinations  of  speed 
ano  duct  length  are  indicated  in  the  .  aMe  Not  slvown  in  the  photograph, 
but  provided  as  a  component  of  the  Package  Ventilation  Kit,  is  a  length  of 
polyethylene  duct.  By  connecting  mis  to  the  exhaust  face  of  the  fan  as¬ 
sembly,  the  PVK  can  no  placed  deep  within  a  shelter  area  and  serve  in  an 
"exhaust"  configuration.  it  m.-\  also  be  used  in  a  "supply"  configuration 
by  placing  it  in  a  doorw.w  inn  torcing  ventilation  air  into  a  shelter. 

The  fan  portion  of  a  PVK  was  to  be  used  to  supply  the  ventilation 
air  for  the  shelter.  The  scope  of  the  present  studies  was  to  investigate 
its  capability  to  ventilate  the  shelter,  but  was  not  to  include  evaluation 
of  the  fan  characteristics  such  as  power  consumption,  capac  ity,  etc. 
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II.  OBJECT 


The  object  of  the  investigation,  as  defined  in  the  Contract  was  to 
make  an  empirical  determination  of  the  capabilities  and  effectiveness 
of  selected  developmental  air  moving  devices  to  ventilate  a  compart¬ 
mentalized  above-ground  shelter  space,  by  measuring  the  distribution 
of  ventilation  aii ,  air  changes,  and  the  thermal  environment  within 
the  shelter  rooms. 
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III.  EXPERIMENTAL  DESIGN 

The  thermal  response  of  a  simulated  protective  shelter  will  be 
affected  by  the  volume,  condition,  and  method  of  distribution  of  the 
ventilation  air,  as  well  as  by  the  conditions  of  loading  and  the  thermal 
environment  in  which  the  shelter  is  located.  In  the  case  of  the  present 
study,  the  shelter  loading  was  fixed  at  1  occupant  per  ten  square  feet 
of  shelter  floor  area,  and  the  shelter  made  to  approach  the  adiabatic 
mode  of  operation  by  insulation  of  its  walls,  floor,  and  ceiling,  and 
by  control  of  the  temperature  of  the  surrounding  space.  The  remaining 
variables  could  be  varied  independently  witnin  limits  imposed  by  the 
judgement  and  ingenuity  of  those  conducting  the  test  or  by  the  capa¬ 
bilities  of  the  ventilation  equipment  to  be  used.  Criteria  considered 
in  designing  the  experiment  are  discussed  below. 

Effective  Temperature  is  an  index  of  the  body's  response  to  its 
thermal  environment.  The  body  must  dispose  of  the  heat  which  results 
from  metabolic  processes,  the  amount  of  heat  so  lost  depending  on  the 
level  of  activity.  For  the  restricted  activity  expected  during  shelter 
occupancy,  a  heat  dissipation  rate  of  400  Btu  per  hour  is  usually  assumed.^- 
The  manner  and  ease  with  which  this  quantity  of  heat  is  disposed  of  depends 
on  the  surroundings;  as  the  temperature  rises,  more  and  more  heat  is  lost 
by  evaporation  of  moisture  from  the  skin  and  lungs,  as  indicated  in  Table  1. 

Table  I 

“fc 

Observed  Metabolic  Heat  Losses  for  Sedentary  Adults 


Drv-Bulb 

Temperature 

F 

Sensible 
Heat  Loss, 
Btu/hr 

Latent 

Btu/hr 

Heat  Loss 

Lb.  water  /'hr 

50 

335 

65 

0.062 

60 

330 

70 

0.067 

70 

300 

100 

0.096 

80 

220 

180 

0.173 

90 

115 

285 

0.274 

100 

0 

400** 

0.384 

110 

-120 

520 

0.499 

*  Values  taken 

from  1964  ASHRAE 

Guide  and  Data  Book 

,  Chapter  30,  Page  338, 

Table  3. 


400  Btu/Hr  is  equivalent  to  117  Watts. 


Superscript  numerals  in  body  of  report  refer  to  Bibliography. 
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If  the  surroundings  are  hot,  but  at  a  low  relative  humidity,  the  body 
may  not  suffer  undue  discomfort  and  the  same  might  be  true  of  a  cool  but 
humid  environment  in  which  a  larger  proportion  of  metabolic  heat  would  be 
lost  by  conduction  or  radiation.  Various  combinations  of  temperature  and 
humidity  might  be  expected  to  produce  similar  sensations  or  physiological 
responses  within  the  body.  The  effective  temperature  index  is  a  method  of 
estimating  the  body's  response  to  such  varying  conditions.  Some  effective 
temperatures  are  given  in  Table  II;  these  values  derived  from  a  more  com¬ 
plete  presentation  found  in  the  literature. ^ 

The  ability  of  human  beings  to  tolerate  adverse  environmental  con¬ 
ditions  has  not  been  established  and  doubtless  varies  from  individual  to 
individual.  Pending  establishment  of  statistical  norms  to  be  used  in 
evaluating  shelter  environments,  three  differing  guide  lines  or  criteria 
have  been  selected.  One,  it  is  assumed  that  an  effective  temperatu"  of 
85.0  F  may  be  the  upper  limit  of  tolerance  and  that  irreversible  body 
damage  may  occur  if  this  temperature  is  exceeded  for  even  short  periods. 
Two,  it  is  considered  that  the  human  body  may  have  enough  overload  capa¬ 
city  so  that  it  can  tolerate  an  average  effective  temperature  of  85.0  F 
provided  that  the  periods  above  this  value  do  not  exceed  90  F.  Finally, 
from  the  standpoint  of  economy  of  ventilating  power,  it  is  felt  that 
effective  temperatures  below  80  F  would  probably  result  in  a  shelter 
managerial  decision  to  reduce  fan  speed  consistent  with  the  requirement 
of  some  minimum  ventilation  rate  to  prevent  build  up  of  carbon  dioxide 
within  the  shelter.  From  these  criteria,  the  decision  was  made  to  con¬ 
sider  ventilation  air  flows  which  produced  maximum  shelter  effective  tem¬ 
peratures  of  85  F,  those  that  produced  average  effective  temperatures  of 
85  F,  and  not  to  extend  the  investigation  beyond  those  conditions  which 
produced  minimum  effective  temperature  conditions  of  80  F. 
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The  Condition  of  the  Ventilation  Air  was  determined  in  accordance 
with  the  adverse  environmental  conditions  to  be  expected  in  the  vicinity 
of  Washington,  D.  C.  (Springfield,  Virginia)  during  a  typical  "hot  spell" 
such  as  is  occasionally  experienced  during  the  summer  in  this  area.  A 
five  year  period  of  data  was  available  from  the  weather  station  at  Davison 
Army  Airfield,  Fort  Belvoir,  Virginia.  From  this  it  was  determined  that 
the  month  of  July  was  generally  warmer  than  June  or  August.  From  the  data 
for  July,  an  "average"  July  day  was  determined  and  curves  of  hourly  wet 
bulb  and  dry  bulb  temperature  variation  were  plotted.  On  the  same  plot, 
the  predicted  wet  and  dry  bulb  temperatures  for  the  so-called  "1  peicenc 
High  Design  Day"  were  located.  These  values  were  determined  from  an  ex¬ 
tensive  compilation  of  weather  data  for  the  design  of  cooling  towers^ 

**nd  represent  conditions  whose  thermal  severity  would  normally  be  exceed¬ 
ed  only  one  percent  of  the  time  during  a  typical  summer.  Since  these  were 
"high  design"  conditions  they  substantially  exceeded  the  maximum  values 
previously  determined  for  the  "average"  July  day.  Accordingly,  the  entire 
wet  and  dry  bulb  temperature  curves  were  shifted  upward  so  that  their  maxima 
passed  through  the  one  percent  "high  design"  values.  The  original  "average 
day"  curves,  the  "high  design"  points  and  the  final  "high  design  day"  curves 
are  shown  on  Figure  1. 

Since  the  Environmental  Control  and  Instrumentation  Trailer  could  more 
readily  be  programmed  to  follow  a  design  day  of  constant  dew  point,  an 
average  dew  point  was  determined  from  the  "high  design  day"  curves  of 
Figure  1  and  the  equipment  set  to  deliver  air  with  this  dew  point  and  a 
variable  dry  bulb  temperature  determined  in  accordance  with  the  curve 
for  this  variable. 

It  was  contemplated  that  determinations  of  air  distribution  patterns 
and  air  changes  would  be  made,  and  that  the  time  involved  in  such  pro 
cedures  would  be  great  enough  that  the  shelter  conditions  might  be  ex¬ 
pected  to  vary  if  the  shelter  was  following  a  diurnal  cycle.  To  obviate 
this  difficulty,  it  was  decided  to  operate  the  shelter  at  a  series  of 
selected  "steady  state"  conditions  that  might  be  expected  to  occur  during 
a  diurnal  cycle,  yet  which  could  be  sustained  long  enough  to  permit  any 
desired  measurement  to  be  made  without  change  occurring  in  the  shelter 
temperature.  The  "steady  state"  conditions  at  which  it  was  decided  to 
conduct  tests  were  selected  as  the  maximum,  minimum,  and  average  air 
supply  enthalpies  which  would  occur  during  a  diurnal  cycle  following 
the  "high  design  day".  Air  flows,  at  which  these  three  steady- state 
temperatures  were  to  be  evaluated,  were  selected  in  accordance  with 
the  effective  temperature  limitations  previously  discussed  and  con¬ 
sonant  with  the  equipment  limitations  considered  in  the  section  which 
follows . 
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The  Volume  of  Ventilation  Air  with  which  it  was  decided  to  venti¬ 
late  the  shelter  was  arrived  at  from  consideration  of  the  properties 
of  the  ventilation  air,  the  predicted  response  of  an  adiabatic  shelter, 
the  interim  prototype  design  ratings  of  the  Package  Ventilation  Kit  fan, 
the  capabilities  of  the  Environmental  Control  and  Instrumentation  Trailer 
which  was  to  supply  the  conditioned  air,  and  the  environmental  tolerance 
limits  of  humans,  as  described  in  a  previous  section  entitled  "Effective 
Temperature".  As  outlined  in  the  previous  section  dealing  with  the  "Con¬ 
dition  of  the  Ventilation  Air",  it  was  proposed  to  ventilate  the  shelter 
with  air  which  followed  a  diurnal  cycle  of  temperature  and  moisture  vari¬ 
ations  typical  of  a  "high  design  day"  in  the  vicinity  of  Washington,  D.C., 
and  also  to  perform  certain  steady  state  tests  in  which  constant  tempera¬ 
ture  and  humidity  air  would  be  supplied. 

Considering  the  shelter  to  be  adiabatic,  it  was  possible  to  predict 
its  overall  response  to  supply  air  of  known  conditions.  (See  Appendix  A). 
When  this  was  done  for  air  with  the  maximum,  average,  and  minimum  enthalpy 
values  to  be  expected  during  a  diurnal  cycle,  the  curves  of  Figure  2  re¬ 
sulted.  The  proposed  steady- state  per  capita  ventilation  rates  were  lim¬ 
ited  to  22.5  cfm  per  occupant,  since  this  represented  a  total  air  Itow 
near  the  capacity  of  the  air  handling  equipment.  A  lower  limit  of  8  cfm 
per  occupant  was  selected  to  be  employed  with  supply  air  at  the  minimum 
enthalpy  condition,  since  this  extended  the  response  curve  slightly  past 
the  85  F  effective  temperature  point  of  interest.  Between  these  limits, 
three  other  air  flows  were  selected  as  indicated.  The  maximum  steady- 
state  air  flow  considered,  22.5  cfm  per  occupant,  is  at  the  limit  of  ca¬ 
pacity  of  the  PVK  with  two  men  operating  the  pedal  mechanism  and  with  200 
feet  of  20  inch  diameter  sheet  metal  duct  (or  equivalent)  attached.  The 
maximum  predicted  capacity  of  the  PVK  with  three  operators  and  200  feet 
of  20  inch  ductwork  was  indicated  to  be  2850  cfm,  which  for  the  shelter 
in  question  would  have  supplied  25.4  cfm  per  occupant.  Diurnal  cycles 
were  conducted  at  maximum  air  flow  rates  up  to  25  cfm  per  occupant. 
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Ventilation  Configurations  were  selected  on  the  assumption  that 
the  shelter  occupants  would  have  available,  one  Package  Ventilation 
Kit  (PVK)  consisting  of  fan,  driving  mechanism  and  20  inch  diameter 
plastic  ducting,  and  that  they  would  have  some  capability  to  close 
existing  openings  in  their  shelter  area  and  open  others.  In  addition, 
it  was  felt  that  they  might  have  some  ability  to  erect  an  air-direct¬ 
ing  baffle.  Finally,  a  recent  adaptation  of  an  ancient  air  moving  de¬ 
vice^,  the  Punkah  was  to  be  employed  and  its  effect  on  air  distribution 
studied . 

The  three  ventilation  configurations  and  their  modifications  in¬ 
volving  devices  assigned  to  improve  the  ventilation  of  the  two  side 
rooms  are  shown  on  Figure  3.  It  can  be  seen  that  basically  these  con¬ 
figurations  involve  use  of  the  PVK  as  a  supply  fan,  as  an  exhaust  fan 
in  a  typical  compartmented  area  with  possible  "dead"  areas,  and  as  an 
exhaust  fan  in  a  compartmented  area  expediently  modified  structurally 
to  eliminate  spaces  without  forced  ventilation.  For  Configurations  1 
and  2  which  involve  no  forced  ventilation  through  Rooms  3  and  4,  use 
of  Punkahs  and/or  air  directing  baffles  was  to  be  considered. 

Other  configurations  were  envisioned  involving  the  use  of  a  baffle 
in  a  supply- fan  application  of  the  PVK  and  also  provision  of  additional 
openings  into  Rooms  3  and  4,  but  time  did  not  permit  their  investigation. 
For  this  same  reason,  not  all  the  possible  combinations  of  air  tempera¬ 
ture,  air  volume,  and  configuration  could  be  investigated.  As  will  ap¬ 
pear  in  the  section  of  RESULTS,  some  lower  air  flows  produced  intolerable 
environmental  conditions  throughout  the  entire  shelter  and  after  the  pre¬ 
diction  of  this  condition  was  borne  out  by  a  test,  it  was  deemed  appro¬ 
priate  to  eliminate  other  tests  in  this  area  of  investigation. 

Of  the  105  steady- state  tests  which  the  combinations  of  the  three 
air  temperatures,  the  five  air  flows  and  the  seven  ventilating  schemes 
might  entail,  55  were  performed.  The  seven  ventilating  schemes  and 
five  air  flows  would  involve  35  diurnal  tests  if  all  possibilities  were 
explored;  10  were  actually  conducted. 


IV.  EQUIPMENT 

The  equipment  utilized  in  the  ventilation  studies  herein  reported, 
comprised  a  simulated  protective  shelter,  an  Environmental  Control  and 
Instrumentation  Trailer  designed  for  the  conduct  of  controlled  tests  of 
protective  structures,  devices  to  simulate  the  metabolic  heat  and  mois¬ 
ture  releases  of  human  beings,  and  miscellaneous  instrumentation  to 
measure  or  control  the  experimental  variables. 

The  Adiabatic  Shelter,  which  was  utilized  in  this  series  of  tests 
was  designed  by  the  Protective  Structures  Development  Center  and  was 
constructed  by  Engineer  troops  from  Fort  Belvoir,  Virginia.  The  struc¬ 
ture  simulated  a  "designated  area"  type  of  shelter  located  in  the  core 
of  a  multi-storv  building.  Similar  shelter  areas  were  assumed  to  exist 
above  and  below  the  typical  area  under  consideration.  From  this  assump¬ 
tion,  and  the  work  of  others-’  in  the  testing  of  "designated  area"  shel¬ 
ters,  it  was  concluded  that  the  simulated  shelter  should  be  adiabatic  in 
operation,  that  is  all  cooling  would  be  by  ventilation  air,  none  by  heat 
transfer  through  the  walls,  floor  or  ceiling.  The  results  of  experiments 
conducted  in  such  a  structure  would  err  on  the  side  of  safety,  that  is 
"real"  structures  of  the  type  considered  here  have  been  found”  to  trans¬ 
fer  out  by  conduction  and  radiation  an  amount  of  heat  varying  from  zero 
to  about  10  percent  of  the  total  released  by  their  occupants. 

To  ensure  a  stable  and  controllable  environment  for  the  test  struc¬ 
ture,  it  was  erected  in  the  basement  area  of  the  1000  Person  Shelter, 
Building  2591,  Fort  Belvoir,  Virginia.  Figure  4  shows  the  relationship 
of  the  test  shelter  to  Building  2591  and  to  the  Environmental  Control 
Unit.  The  original  design  of  the  structure  provided  for  a  ceiling  of 
transparent  plastic  film  in  order  to  permit  observation  and  to  provide 
illumination.  It  was  initially  felt  that  thermostatic  control  of  the 
temperature  of  the  basement  room  would  suffice  to  prevent  heat  losses 
from  the  shelter  walls.  A  preliminary  test  was  made  of  the  structure 
as  originally  designed  and  built  in  order  to  establish  the  "adiabatic" 
quality  of  the  test  structure.  Twelve  pairs  of  thermocouples  were  dis¬ 
tributed  throughout  the  shelter  in  locations  where  temperatures  on  either 
side  of  the  exterior  walls  and  ceilings  could  be  sensed.  Two  heat  sources 
were  placed  within  the  shelter  and  adjusted  to  release  7.0  KW  (about  507. 
of  the  total  anticipated  metabolic  load).  Temperature  measurements  were 
made  until  equilibrium  conditions  were  established  at  an  average  AT  of 
8.8  degrees.  From  this  temperature  gradient  and  the  overall  shelter 
boundary  area  (excluding  the  floor  which  was  already  covered  with  2 
inches  of  insulating  foamed  plastic),  an  overall  heat  transfer  coef¬ 
ficient  "U"  value  was  calculated  as  1.23  Btu/hr  ft  deg.  F. 


Considering  the  precision  of  other  measurements  to  be  made,  it  was 
felt  that  "adiabatic"  operation  could  be  assumed,  if  heat  loss  through 
the  walls  and  ceiling  could  be  kept  at  or  below  3%  of  the  total  heat 
released.  For  the  "U"  value  just  determined,  and  a  total  heat  release 
of  44,800  Btu/hr  (112  occupants)  this  would  imply  a  maximum  permissible 
At  of  0.5  degrees.  This  was  considered  to  be  beyond  the  capability  of 
the  thermostatic  heat  controls  available. 


ADIABATIC  SIMULATED  PROTECTIVE  SHELTER 
IN  BASEMENT  OF  IOOO-PERSON  SHELTER 
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By  greatly  decreasing  the  overall  heat  transfer  coefficient  ("U")> 
much  higher  AT  values  could  be  tolerated  without  exceeding  the  37,  maxi¬ 
mum  permissible  heat  loss.  Data  from  the  ASHRAE  "Cuide"^  were  examined 
and  it  was  determined  that  application  of  1  inch  of  foamed  plastic  slao 
insulation  to  the  exterior  walls  of  the  shelter  and  to  the  roof  would  re¬ 
duce  the  "U"  value  to  0.171  and  increase  the  permissible  AT  to  3.6  de¬ 
grees  which  was  considered  within  the  capability  of  the  temperature  con¬ 
trol  system  to  maintain.  Calculation  of  the  two  "U"  values  for  the  shel¬ 
ter  is  outlined  in  Appendix  A.  The  construction  of  the  shelter  as  finally 
tested  is  shown  in  Figure  5.  Attention  is  called  to  the  fact  that  two 
types  of  wall  construction  were  employed,  as  shown  in  Photograph  2,  neces¬ 
sitating  different  application  of  insulating  material  and  resulting  in 
walls  with  differing  thermal  resistance.  In  addition,  the  ventilation 
openings  shown  on  Figure  5  are  directly  applicable  to  Configuration  1 
only  and  are  not  the  same  as  openings  provided  for  other  Configurations 
(The  RESULTS  section  for  each  Configuration  includes  a  sketch  of  the 
shelter  which  shows  the  change  in  relative  location  of  various  venti¬ 
lation  openings.) 

After  construction,  the  two  inch  foamed  elastic  blocks  on  the  floor 
of  the  shelter  were  covered  with  6  mil  plastic  film  which  was  carefully 
sealed  to  the  walls.  All  joints  in  the  walls  were  caulked  and/or  taped 
and  the  entire  inside  of  the  shelter  was  painted  with  a  black  polyester 
base  paint  to  seal  pores  and  reduce  absorption  of  carbon  dioxide  during 
later  tracer  gas  measurements. 

The  basement  room,  in  which  the  simulated  shelter  was  located,  was 
equipped  with  ductwork  connected  to  the  building’s  heating  and  cooling 
system.  During  the  conduct  of  the  test,  this  system  was  split  in  such 
a  way  that  temperature  control  of  the  basement  room  could  be  independent 
of  that  of  the  ground  level  room.  In  this  way,  the  basement  could  be 
kept  at  or  near  the  temperature  existing  within  the  shelter  and  thus  the 
temperature  drop  across  the  shelter  walls  could  be  reduced,  aiding  in 
maintaining  the  "adiabatic"  shelter  concept.  To  supplement  the  capa¬ 
city  of  the  building's  heating  system,  a  small  oil  fired  furnace  of 
150,000  Btu  per  hour  capacity  was  installed  in  the  basement,  and  two 
OCD-Mass  Occupant  Simulators  were  employed  to  further  heat  and  distri¬ 
bute  the  warmed  air. 


H  0*1  0" 


Photograph  No.  2  .  Exterior  of  "Adiabatic  Shelter"  (View  Facing 

North  East) 
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Simulated  Occupants  were  used  in  order  to  "load"  the  shelter.  These 
devices,  familiarly  labeled  "Simocs",  were  designed  to  approximate  the 
metabolic  heat  release  of  human  beings.  The  individual  type  of  Simoc  was 
copied  from  a  design  originated  by  the  United  States  Bureau  of  Standards 
and  used  by  them  in  a  pioneer  test  of  protective  shelter  environment  under 
simulated  occupancy  conditions.  It  consisted  of  two  concentric  cylinders 
of  sheet  metal,  38  inches  high.  The  outer  cylinder  had  a  diameter  of  22 
inches  and  was  closed  at  one  end  by  a  conial  cap  5-1/2  inches  high.  Both 
the  cylinder  and  cone  were  covered  by  a  closely  fitted  sheath  of  toweiing 
material  of  the  type  known  as  "huck"  and  commonly  used  for  drying  dishes. 
The  inner  cylinder  had  a  diameter  of  15  inches.  This  inner  cylinder  was 
insulated  with  1/2  inch  of  glass  fiber  on  its  exterior  surface  and  was 
open  at  top  and  bottom.  The  entire  device  rested  on  a  two  foot  square 
sheet  metal  base  with  a  retaining  rim  of  2  inches  on  all  sides.  At  the 
center  of  this  base,  an  electric  socket  was  mounted  and  fitted  with  a 
660-watt  cone- type  electric  heating  element.  The  exterior  appearance  and 
typical  arrangement  of  the  Simocs  may  be  seen  in  Photograph  3. 

Variable  voltage  transformers  were  employed  to  control  the  voltage 
impressed  on  the  heater  element  of  the  Simoc.  It  might  be  here  mentioned 
that  transformer  losses,  appreciable  for  this  type  installation,  were  in¬ 
cluded  in  the  heat  released  within  the  shelter  and  were  charged  to  :he 
shelter  heat  supply,  since  all  power  entering  the  shelter  was  metered  at 
the  shelter  entrance,  and  the  transformers  were  located  within  the  shelter 
area . 


Availability  of  "Simocs"  limited  the  number  which  could  be  placed  in 
the  shelter  to  100,  instead  of  the  112  which  the  shelter  floor  area  would 
require  for  the  recommended  loading  rate  of  1  occupant  per  10  square  feet 
of  floor  area.  However  by  operating  the  cone  heaters  at  a  slightly  higher 
voltage  than  normally  necessary  to  simulate  the  heat  generated  by  one  in¬ 
dividual,  the  output  of  each  "Simoc"  was  increased  approximately  12  percent 
so  that  the  100  actual  Simoc  units  simulated  112  occupants.  The  cone  heat¬ 
ers,  whose  rated  output  is  660  watts  were  not  visibly  glowing  when  operated 
at  the  131  watts  necessary  to  simulate  1-1/8  occupants  each.  This,  coupled 
with  the  insulated  inner  liner  of  the  "Simoc"  reduced  radiative  heat  trans¬ 
fer. 


By  supplying  water  to  the  apex  of  the  cone  which  made  up  the  "head" 
of  the  Simoc,  the  entire  top  and  a  circumferential  band  of  cloth  could  be 
wetted.  The  heat  from  the  device  caused  the  water  to  evaporate,  thus  simu¬ 
lating  the  latent  heat  release  from  the  skin  and  lungs  of  a  human  occupant. 
Since  the  total  heat  output  of  the  electric  resistance  element  was  kept  con¬ 
stant,  the  latent  heat  fraction  could  be  varied  as  more  or  less  water  was 
supplied . 


Photograph  No.  3  .  Typical  Installation  of  Simocs  in  Room 

(View  Facing  North) 
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Water  was  supplied  to  the  Simocs  via  individual  supply  lines  from 
a  rotary  metering  device  (one  such  device  is  shown  in  Photograph  No.  4). 

The  metering  device  was  driven  by  a  3  rpm  clock  drive  motor  connected  in 
series  with  a  rotating  cam  switch  whose  relative  periods  of  "on"  and  "off" 
operation  could  be  manually  adjusted.  In  this  fashion,  the  amount  of  water 
supplied  the  Simocs,  and  hence  the  latent  heat  fraction  of  the  total  heat 
released,  could  be  varied  in  accordance  with  the  values  shown  in  Table  I. 
Here  it  may  be  seen  that  the  latent  heat  fraction  of  the  total  load  varies 
directly  with  the  dry  bulb  temperature.  At  and  above  100  F,  all  heat  lost 
by  the  body  is  by  evaporation  of  moisture.  Six  metering  devices  or  units 
were  in  service  during  the  test  program  (two  units  were  employed  in  Room  1, 
two  in  Room  2,  and  one  each  in  Rooms  3  and  4). 

At  the  beginning  of  the  test,  all  of  the  metering  devices  were  pro¬ 
grammed  by  a  single  rotating  cam  and  therefore,  all  units  delivered  water 
at  the  same  rate.  It  early  became  apparent  however,  that  dry  bulb  tem¬ 
peratures  in  the  various  rooms  would  differ  significantly  and  that  dif¬ 
ferent  water  rates  would  therefore  be  required.  Test  1  of  the  complete 
testing  program  was  conducted  under  these  conditions,  after  which  addi¬ 
tional  metering  tanks  and  timers  were  installed  and  the  water  supply  to 
the  rooms  controlled  separately  in  accordance  with  the  temperature  in 
that  room. 
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As  mentioned  in  the  section  entitled  "The  Adiabatic  Shelter",  the 
structure  to  be  tested  was  designed  to  simulate  a  "designated  area" 
shelter  space  in  the  core  of  a  multi-story  building.  Ventilation  of 
such  spaces  may  be  assumed  to  be  by  outside  air  at  essentially  ambient 
conditions.  This  air  might  be  forced  through  the  shelter  by  the  pres¬ 
sure  of  wind,  by  thermal  "stack  effects",  or,  as  in  the  configurations 
tested  in  this  series  of  experiments,  by  a  Package  Ventilation  Kit. 

In  any  case,  a  realistic  simulated  occupancy  test  must  include  furnish¬ 
ing  the  ventilation  air  at  conditions  appropriate  for  the  period  being 
simulated.  For  the  series  of  tests  under  discussion,  this  period  was 
to  be  a  typical  "hot  spell"  occurring  during  summer  months  in  the  vi¬ 
cinity  of  Washington,  D.C.  As  explained  in  the  section  entitled  "Ex¬ 
perimental  Design",  this  involved  certain  steady  state  air  conditions 
as  well  as  complete  diurnal  cycles  in  which  air  conditions  changed 
hourly . 

In  order  to  provide  the  desired  control  of  the  shelter  ventilation 
air  supply  conditions,  use  was  made  of  an  Environmental  Control  and  In¬ 
strumentation  Trailer  built  for  the  Office  of  Civil  Defense  for  tests 
similar  to  those  to  be  conducted.  Essentially,  this  comprised  an  ad¬ 
justable  volume  air  handling  unit  supplying  a  combination  air  washer 
and  reheat  section.  The  air  washer  could  be  supplied  with  either  heat¬ 
ed  or  refrigerated  spray  water  and  hence  could  deliver  air  at  a  selected 
constant  dew  point  t~  the  reheat  section.  The  reheaL  coils  were  supplied 
with  thermostatically  controlled  hot  water  and  could  thus  deliver  the  air 
at  a  selected  dry  bulb  temperature.  The  dew  point  of  the  conditioned  air 
was  manually  adjusted,  while  the  dry  bulb  temperature  was  controlled  by  a 
rotating  plastic  cam  whose  profile  was  cut  to  represent  the  variations  in 
dry  bulb  temperature  occurring  during  the  type  day  selected  for  simulation. 
The  orientation  of  the  Environmental  Control  Unit  with  respect  to  Building 
2591  may  be  seen  in  Photograph  5. 

The  air  was  delivered  to  a  plenum  at  the  east  end  of  the  shelter  via 
a  combination  of  rigid  and  flexible  ductwork.  As  shown  on  Figure  4,  this 
duct  entered  an  exhaust  opening  in  the  equipment  room  of  the  upper  floor 
of  Building  2591  and  thus  reached  the  lower  floor. 

During  the  operation  of  the  test,  the  air  supply  to  the  shelter  was 
adjusted  as  follows.  The  desired  steady-state  or  diurnal  conditions  of 
temperature  and  dew  point  were  selected  (see  section,  "Design  of  Experi¬ 
ment"),  as  was  the  air  flow  rate.  A  preliminary  adjustment  was  made  in 
the  speed  or  the  volume  controls  of  the  main  fan  in  the  Environmental 
Control  Trailer.  The  voltage  control  to  the  PVK  unit's  driving  motor 
(1/4  H.D. ,  D.C.)  was  adjusted  until  an  auxiliary  duct  into  the  shelter 
air  supply  plenum  indicated  no  flow  into  or  out  of  the  plenum.  Under 
these  conditions,  pressure  In  the  plenum  was  essentially  atmospheric 
and  it  could  be  assumed  that  all  the  air  supplied  to  the  plenum  was  being 
utilized  by  the  PVK  and  supplied  to  the  shelter.  A  traverse  was  then 
made  of  the  main  supply  duct  at  its  exhaust  into  the  plenum,  and  the  flow 
rate  computed.  If  the  desired  flow  rate  wet  not  cbtaii.Cu  on  the  first 
trial,  the  speed  of  the  main  fan  was  readjusted,  as  indicated,  and  the 
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speed  of  the  PVK  fan  changed  to  again  produce  atmospheric  pressure  in 
the  plenum.  This  process  was  continued  until  the  desired  air  flow  was 
being  delivered  to  the  shelter  via  the  plenum  which  was  being  kept  at 
atmospheric  pressure  by  the  PVK  unit.  A  portion  of  the  plenum  is  shown 
in  Photograph  6.  The  main  and  auxiliary  ducts  may  be  seen  in  the  back¬ 
ground,  the  PVK  fan  in  the  foreground.  The  shelter  side  (or  delivery 
side)  of  the  fan  installation  is  shown  in  Photograph  7.  The  shroud 
around  the  fan  is  readily  apparent. 
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Photograph  No.  5  .  Installation  of  Environmental  Control  Trailer 

at  P.S.D.C.  Building  2591 


Photograph  No.  6 . 


Photograph  No.  7  .  Adaptation  of  PVK  as  Supply  Fan  - 

Configuration  1-N  (View  from  Room  2 
facing  East) 


Punkah  Pumps  were  evaluated,  as  devices  to  improve  the  ventilation 
patterns  of  the  two  side  rooms,  by  comparing  the  environmental  conditions 
which  developed  without  the  Punkahs  with  conditions  after  these  devices 
had  been  in  operation  for  several  hours.  The  tests  were  made  with  identi¬ 
cal  shelter  supply  air  rates  and  temperatures.  The  Punkah-pump,  a  recent 
invention  based  on  an  ancient  air  fanning  device,  consists  of  a  pendulum¬ 
like  frame  covered  with  light  vanes  hinged  so  that  when  the  frame  swings 
in  one  direction  the  vanes  open  and  offer  little  resistance  to  the  air 
passing  through  the  frames.  During  the  swing  in  the  opposite  direction, 
or  "power"  stroke,  the  vanes  swing  shut,  the  frame  now  offers  the  resis¬ 
tance  of  an  essentially  solid  panel  to  air  flow,  hence  it  moves  a  volume 
of  air  ahead  of  it,  while  a  commensurate  volume  moves  in  behind  the  Punkah 
to  prevent  a  vacuum  from  forming.  Since  the  air  in  motion  has  inertia, 
the  Punkah  on  the  next  "return"  stroke  with  its  vanes  open,  swings  through 
the  moving  air  without  appreciably  impeding  its  established  flow.  Thus 
uni-directional,  albeit  pulsing,  air  flow  is  established. 

When  installed  in  a  doorway,  the  Punkah  is  capable  of  moving  air  be¬ 
tween  rooms,  the  effect  of  which  may  be  to  improve  environmental  conditions 
in  a  previously  poorly  ventilated  area.  Although  additional  improvement  in 
ventilation  patterns  might  have  been  accomplished  by  installing  the  Punkah 
in  the  bottom  half  of  the  doorways,  the  necessity  of  frequent  access  to  the 
side  rooms  dictated  its  use  in  the  upper  half  of  the  doorways  of  Rooms  3  and 
4.  Photograph  8  shows  the  variable-speed  drive  mechanism  employed  to  drive 
the  two  Punkahs  in  simulation  of  the  expected  manual  operation.  The  "power" 
and  "return"  strokes  of  the  device  may  be  seen  in  Photographs  9  and  10. 


Photograph  No.  8  ,  Variable  Speed  Drive  Unit  Used  to  Actuate 

Punkah  Pumps 
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Photograph  No,  9  .  Operation  of  Punkah  Pump  Immediately  Prior  t> 

"Power"  Stroke  (Note:  punkah  flaps  are  abou 
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Instrumentation 

Conduct  of  a  simulated  occupancy  test  of  a  shelter  area  required 
measurement  and  control  of  the  mass  and  energy  streams  to  and  from  the 
shelter  as  well  as  sufficient  determinations  of  environment::!  p~rameters 
to  establish  the  thermal  response  of  the  test  area. 

The  general  instrumentation  layout  is  shown  schematically  on  Figure 
6;  functions  and  more  exact  locations  of  instruments  are  presented  in 
Tables  III  and  IV.  A  brief  discussion  of  the  variables  measured  and  the 
equipment  used  follows. 

Temperatures  were  generally  measured  with  copper- constantan  thermo¬ 
couples,  indicated  and  recorded  on  multi-point,  recording  potentiometers. 
Forty  thermocouples  were  placed  at  a  number  of  locations  in  contact  with 
interior  and  exterior  wall  surfaces,  to  measure  temperature  drops  across 
the  walis  for  use  in  controlling  the  environment  exterior  to  the  shelter. 
Within  the  shelter  proper,  vertical  arrays  of  thermocouples  located  as 
shown  on  Figure  6  were  used  to  determine  the  degree  of  temperature  stra¬ 
tification.  Wet  and  dry  bulb  temperatures  of  the  supply  and  exhaust  air 
were  taken  with  thermocouples  embodied  in  aspirating  psychrometers .  Lo¬ 
cations  of  these  instruments  varied  with  the  ventilation  configuration 
being  studied. 

Air  Flow  to  the  shelter  was  determined  by  means  of  a  multi-point 
velocity  traverse  of  the  supply  duct  using  an  Alnor,  direct  displace¬ 
ment,  vane- type  anemometer. 

Humidity  of  the  air  at  numerous  locations  within  the  shelter  was 
measured  with  "Hygrosensors",  humidity  sensing  devices  manufactured  by 
the  Hygrodynamics  Corp.  of  Silver  Spring,  Maryland.  These  devices  also 
incorporated  a  resistance  thermometer,  and  in  operation  the  indicated 
relative  humidity  and  temperature  were  used  as  entries  to  psychrometric 
charts  from  which  wet  bulb  temperature  was  determined.  This  provided 
data  sheet  entries  of  dry  and  wet  bulb  temperatures  suitable  for  an 
established  routine  from  which  effective  temperatures  could  be  computed. 

At  selected  times,  rather  extensive  psychrometric  "traverses"  were 
made  of  the  entire  shelter  using  Bendix,  electrically  aspirated,  mercurial 
thermometer,  psychrometers.  Two  operators  usually  performed  this  task, 
taking  readings  on  four  foot  centers  throughout  the  shelter  alternately 
at  5'  above  the  floor  and  at  1'  above  the  floor. 

Water  Flow  to  the  "Simocs"  was  regulated  as  described  in  the  section 
entitled  "Simulated  Occupants"  and  was  measured  by  periodic  readings  of 
calibrated  sight  glasses  on  separate  supply  tanks  for  each  room. 

Power  consumed  was  determined  by  a  three  phase,  network  type  watt- 
hour  meter  which  could  measure  both  208  volt  and  120  volt  demands.  Ex¬ 
cept  for  the  direct  current  motor  driving  the  shelter  ventilation  fan, 
and  the  motor  which  drove  the  "Punkahs",  when  these  devices  were  in  use, 
all  power  consuming  devices  were  supplied  through  the  watt-hour  meter. 
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TABLE  III 

Hygrosensor  Locations 
Adiabatic  Simulated  Protective  Shelter 
Protective  Structures  Development  Center 
Fort  Belvoir,  Virginia 


Data 

Position 

Number* 

Hygrosensor 
Head  Number 

Function** 

Location 

1 

1 

Exhaust  air,  dry  bulb 

Depends  on  test  configura¬ 
tion  number*** 

2 

1 

Exhaust  air,  wet  bulb 

Depends  on  test  configura¬ 
tion  number*** 

3 

2 

Air  temperature,  dry 
bulb 

Geometric  Center,  Room  1 

4 

2 

Air  temperature,  wet 
bulb 

Geometric  Center,  Room  1 

5 

3 

Air  temperat'- ^ ,  ury 
bulb 

Geometric  Ontc.1  of  South 
third  of  Room  1 

6 

3 

Air  temperature,  wet 
bulb 

Geometric  Center  of  South 
third  of  Room  1 

7 

4 

Air  temperature,  dry 
bulb 

Geometric  Center  of  West 
third  of  Room  2 

8 

4 

Air  temperature,  wet 
bulb 

Ceometric  Center  of  West 
third  of  Room  2 

9 

5 

Air  temperature,  dry 
bulb 

Geometric  Center,  Room  2 

10 

5 

Air  temperature,  vet 
bulb 

Geometric  Center,  Room  2 

11 

6 

Air  temperature,  dry 
bulb 

'lid  height.  North  section 
of  East  third  of  Room  2 

12 

6 

Air  temperature,  wet 
bulb 

Mid  height,  North  section 
of  East  third  of  Room  2 

13 

7 

Supply  air,  dry  bulb 

Depends  on  test  configura¬ 
tion  number*** 

14 

7 

Supply  air,  wet  bulo 

Depends  on  test  configura¬ 
tion  number*** 
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TABLE  III,  CONTINUED 


Data 

Position 

Numoer* 

Hygrosensor 
Head  Number 

Function** 

Location 

15 

8 

Air  temperature, 
bulb 

dry 

Geometric  Center 
half  of  Room  3 

of 

West 

16 

8 

Air  temperature, 
bulb 

wet 

Geometric  Center 
half  of  Room  3 

of 

West 

J  7 

9 

Air  temperature, 
bulb 

dry 

Geometric  Center 
half  of  Room  3 

of 

East 

18 

9 

Air  temperature, 
bulb 

wet 

Geometric  Center 
half  of  Room  3 

of 

East 

19 

10 

A  St  iemperature, 
bulb 

dry 

Geometric  Center 
half  of  Room  4 

of 

East 

20 

10 

Air  temperature, 
bulb 

wet 

Geometric  Center 
half  of  Room  4 

of 

East 

21 

11 

Air  temperature, 
bulb 

dry 

Geometric  Center 
half  of  Room  4 

of 

West 

22 

11 

Air  temperature, 
bulb 

wet 

Geometric  Center 
half  of  Room  4 

of 

West 

23 

12 

Air  temperature, 
bulb 

dry 

Mid  height  doorway, 

1  to  Room  2 

Room 

24 

12 

Air  temperature , 
bulb 

wet 

Mid  height  doorway, 

1  to  Room  2 

Room 

Position  number  corresponds  to  tabulated  temperature  data  in 
APPENDIX  B-2 

Wet  bulb  functions  were  derived  from  psychrometric  chart  using 
dry  bulb  temperature  and  relative  humidity  values  obtained  from 
each  H ygrosensor  head. 

See  "Results"  sectionof  each  configuration  for  exact  location  of 
supply  and  exhaust. 
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TABLE  IV 

Thermocouple  Locations 
Adiabatic  Simulated  Protective  Shelter 
Protective  Structures  Development  Center 

TT  -  1  -  -  ‘  ^  ^  ^  ^ 

^  V  .  k.  JC  J.  v  o  1  i  y  >  .  x  g  A.  4.  X _ <_x 


Data  Position 
Number* 

Function 

Location 

25 

Supply  air,  dry  bulb 

Depends  on  test  configuration 
number** 

26 

Supply  air,  wet  bulb 

Depends  on  test  configuration 
number** 

27 

Exhaust  air,  dry  bulb 

Depends  on  test  configuration 
number** 

28 

Exhaust  air,  wet  bulb 

Depends  on  test  configuration 
number** 

29 

Ambient  air,  dry  bulb 

Not  taken 

30 

Ambient  air,  wet  bulb 

Not  taken 

31 

Air  temperature,  Room 
array 

Center  of  Room  1,  2  feet  above 
floor 

32 

Air  temperature,  Room 
array 

Center  of  Room  1,  4  feet  above 
floor 

33 

Air  temperature ,  Room 
array 

Center  of  Room  1,  6  feet  above 
floor 

34 

Air  temperature.  Room 
array 

Center  of  Room  2,  2  feet  above 
floor 

35 

Air  temperature,  Room 
array 

Center  of  Room  2,  4  feet  above 
floor 

36 

Air  temperature.  Room 
array 

Center  of  Room  2,  6  feet  above 
floor 

37 

Air  temperature,  Room 
array 

Center  of  Room  3,  2  feet  above 
floor 

38 

Air  temperature,  Room 
array 

Center  of  Room  3,  4  feet  above 
floor 

39 

Air  temperature,  Room 
array 

Center  of  Room  3,  6  feet  above 
floor 

40 

Air  temperature,  Room 
array 

Center  of  Room  4,  2  feet  above 
floor 

3 
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TABLE  IV,  CONTINUED 

Data  Position 

Function 

Location 

U  Number* 

v;  41 

Air  temperature,  Room 

Center  of  Room  4,  4  feet  above 

array 

floor 

m  42 

Air  temperature,  Room 

Center  of  Room  4,  6  feet  above 

1 

array 

floor 

43 

Surface  temperature 

In  contact  with  top  surface  of 

£ 

floor  insulation.  Geometric 

•A 

Center  of  Room  1 

■  44 

Below  floor  level 

In  contact  with  bottom  surface 

3 

temperature 

of  insulation,  2  inches  below 
floor  level.  Geometric  Center 

of  Room  1 

S  45 

Surface  temperature 

In  contact  with  top  surface  of 
floor  insulation,  Geometric 

Center  of  Room  2 

!S! 

46 

Below  floor  level 

In  contact  with  bottom  surface 

temperature 

of  insulation,  2  inches  below 

i 

floor  level.  Geometric  Center 
of  Room  2 

|  47 

Exhaust  temperature, 

Center  of  20  inch  plastic  duct 

» 

dry  bulb 

prior  to  exit  from  shelter 

A  48 

Reference,  water  bath 

Environmental  Control  Trailer, 

1 

instrumentation  cab 

r  49 

Reference,  water  bath***  Environmental  Control  Trailer 

-> 

>> 

instrumentation  cab 

Position  numbers  correspond  to  tabulated  temperature  data  in  APPENDIX  B. 

See  "Result^'  section  or  Figure  Number  3  for  exact  location  of  supply 
and  exhaust. 

Temperature  of  water  bath  as  indicated  on  mercurial  thermometer.  (Same 
location  as  position  No.  48). 
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OPERATIONAL  PROCEDURES 


The  conduct  of  the  air  distribution  studies  herein  reported  com¬ 
prised  type®  of  shelter  '■^spor.®-*  •  >  '-at  h  a  uainL.->- 

times  at  different  selected  values  of  some  important  parameter.  These 
were  the  steady-state,  and  the  diurnal  cycle  tests.  In  addition,  there 
were  a  number  of  adjunct  tests  which  were  made  with  less  regularity.  In 
order  that  some  familiarity  be  gained  with  the  sequence  and  frequency  of 
typical  measurements,  a  brief  outline  of  the  major  operational  procedures 
follows . 

The  Diurnal  Test  comprised  a  period  of  from  48  to  120  hours  during 
which  the  shelter  was  furnished  with  an  air  supply  whose  dry  bulb  tem¬ 
perature  and  dew  point  were  varied  in  simulation  of  the  ambient  condi¬ 
tions  that  would  be  expected  in  the  shelter  vicinity  during  very  warm 
summer  weather.  The  way  in  which  these  supply  air  conditions  were  ar¬ 
rived  at  is  discussed  in  a  subsection  entitled  "Condition  of  the  Venti¬ 
lation  Air".  An  air  flow  rate,  which  calculations  indicated  should  re¬ 
sult  in  an  overall  shelter  effective  temperature  of  either  a  maximum  or 
an  average  of  85  F,  was  selected.  The  air  flow  rate  was  set  in  the  sup¬ 
ply  duct  to  the  shelter  and  measured  by  a  16  point  velocity  traverse  using 
a  vane-type  direct  displacement  anemometer.  The  air  flow  was  subsequently 
checked  once  during  each  twenty-four  hour  period,  or  oftener  if  there  was 
reason  to  suspect  that  it  might  have  been  altered. 

An  initial  setting  was  made  of  the  timing  devices  of  the  water  meas¬ 
uring  and  distributing  mechanisms,  in  accordance  with  the  values  of  Table 
I  and  the  dry  bulb  temperature  then  existing  in  each  room  of  the  shelter. 
Subsequently,  the  water  level  was  measured  in  the  tank  supply ing  water  to 
each  room,  at  two  hour  intervals  and  compared  with  the  desired  rate  de¬ 
termined  from  the  values  of  Table  I  in  accordance  with  the  dry  bulb  tem¬ 
perature  in  the  space  at  a  time  halfway  between  tank  level  readings.  An 
appropriate  change  was  made  in  the  timer  cycle  to  increase  or  decrease 
the  water  rate  to  follow  the  cycling  dry  bulb  temperatures  in  the  four 
shelter  rooms. 

At  two  hour  intervals,  the  shift  operator  would  read  and  average  a 
group  of  temperatures  from  forty  thermocouples  located  in  twenty  pairs  on 
inner  and  outer  faces  of  the  shelter  structure.  From  these  readings,  he 
would  establish  an  average  AT  from  the  interior  to  the  exterior  of  the 
shelter.  Using  the  controls  of  the  building  heating  system,  supplemented 
by  an  auxiliary,  oil  fired  heater  in  the  basement,  the  operator  would  ad¬ 
just  the  temperature  of  the  space  surrounding  the  shelter  to  reduce  the 
temperature  drop  across  the  shelter  walls  to  a  minimum. 

At  hourly  intervals,  the  operator  would  read  the  dry  bulb  tempera¬ 
ture  and  relative  humidity  indicated  by  11  Hygrosensors  located  throughout 
the  shelter  as  shown  on  Figure  6.  Using  a  psychrometr ic  chart,  he  would 
read  the  wet  bulb  temperatures  determined  by  these  values  of  temperature 
and  relative  humidity  and  record  this  data,  which  is  presented  in  Table  II, 
Appendix  B.  Additional  data  were  automatically  recorded  each  hour  for  tem¬ 
peratures  measured  at  the  locations  shown  on  Figure  6. 
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The  shift  operator,  assisted  by  supervisory  personnel,  maintained 
running  plots  of  the  environmental  conditions  as  they  developed  within 
the  shelter.  These  plots  were  valuable  in  detecting  anomalies  of  shelter 
response  which  were  usually  found  to  be  due  to  errors  in  procedure.  At 
the  end  of  about  thirty-six  hours,  it  was  usually  possible  to  begin  com¬ 
parisons  of  the  then  existing  shelter  conditions  with  those  twenty- four 
hours  earlier.  When  such  comparisons  indicated  that  a  twenty- four  hour 
cycle  had  been  duplicated,  it  was  assumed  that  the  shelter  had  attained 
a  stable  equilibrium,  and  the  diurnal  test  was  terminated  after  the 
shelter  had  reached  and  passed  the  next  afternoon  peak  effective  tem¬ 
peratures.  In  general,  the  overall  duration  of  such  a  test  depended  on 
the  previous  history  of  the  shelter,  being  longer  when  a  major  change  in 
ventilation  rate  or  configuration  was  made. 

It  was  customary  during  the  conduct  of  a  diurnal  cycle  test  to  make 
two  detailed  traverses  of  the  shelter  and  determine  wet  and  dry  bulb  tem¬ 
peratures  on  four  foot  centers  throughout  the  entire  structure.  Usually 
two  Bendix,  aspirating  psychrometers  were  employed  with  two  operators 
making  readings  at  alternate  "low"  (12  inches  above  the  floor)  and  "high" 
points  (60  inches  above  the  floor).  The  locations  at  which  "low"  read¬ 
ings  could  be  taken  were  usually  dictated  by  the  placement  of  Simocs, 
ductwork,  or  other  equipment  with  the  "high"  locations  being  governed 
by  the  remaining  points.  The  traverses  were  customarily  made  at  the  time 
when  the  shelter  was  experiencing  maximum  effective  temperatures  (usually 
about  1400  to  1500  hours)  and  again  during  the  early  morning  hours  when 
minimum  conditions  were  prevalent. 

The  Steady-State  Tests  were  conducted  in  much  the  same  manner  as  the 
diurnal  cycle,  except  that  as  its  name  implies,  the  properties  of  the  ven¬ 
tilation  air  were  held  constant  until  the  shelter  reached  a  stable  equili¬ 
brium.  This  usually  occurred  in  from  eight  to  sixteen  hours  of  operation. 

Air  Change  and  Air  Exchange  Measurements  were  considered  of  importance 
in  evaluating  the  thermal  response  of  the  compartmented  simulated  shelter 
as  a  whole,  and  as  individual  rooms.  Similarly,  the  air  exchange  across  the 
doorways  of  Rooms  3  and  4,  where  bi-directional  air  flow  existed,  was  con¬ 
sidered  of  significance.  For  this  reason,  attempts  were  made  to  determine 
the  various  flows  by  the  three  independent  methods;  direct  velocity  measure¬ 
ment,  heat  balance,  and  tracer  gas  to  be  described.  It  must  be  emphasized 
at  the  outset,  that  only  at  the  shelter  air  inlet  and  shelter  exhaust  could 
air  flows  be  measured  without  ambiguity;  at  any  interior  location,  determi¬ 
nations  were  complicated  by  streams  of  recirculating  air  whose  presence 
could  be  demonstrated,  but  whose  penetration  into  the  particular  volume 
under  study  could  only  be  estimated.  Even  for  the  rooms  where  the  air 
entered  or  exited,  the  term  "air  change  per  unit  time"  must  be  interpreted 
with  caution.  As  an  example,  for  Ventilation  Configuration  Number  I,  and 
for  a  shelter  ventilation  rate  of  18  cfm  per  occupant,  the  air  changes  per 
hour  were  33.8  for  Room  2  and  45.0  for  Room  1,  yet  for  this  configuration 
and  air  flow,  the  effective  temperature  in  Room  1  was  always  higher  than 
for  Room  2,  this  of  course  because  the  air  moved  through  Room  2  first  in 
this  configuration. 

Direct  velocity  measurements  were  attempted  in  the  doorways  between 
Room  2  and  Rooms  3,  4,  and  1,  utilizing  both  hot  wire  anemometers  develop¬ 
ed  by  the  Flow  Corporation,  and  a  vane- type,  direct  displacement  meter  of 
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the  ALnor,  Corporation.  Neither  instrument  was  found  to  be  entirely 
satisfactory  in  application.  When  used  on  a  scale  low  enough  to  give 
definite  indications,  the  random  air  currents  were  sufficient  to  drive 
meter  needles  off  scale  in  both  directions.  Only  extended  periods  of 
observation  permitted  the  operator  to  mentally  integrate  the  readings. 
Nevertheless,  it  was  usually  possible  to  establish  that  bi-directional 
flow  existed  in  the  doorways  to  Rooms  3  and  4,  and  uni-directional  flow 
was  present  in  the  doorway  between  Rooms  1  and  2. 

Velocity  measurements  were  also  made  throughout  the  shelter,  to¬ 
gether  with  simultaneous  emission  of  smoke  puffs  as  shown  in  Photograpl 
11. 


An  attempt  was  made  to  make  similar  traverse  of  the  shelter  using 
a  nariow-range  humidity  sensing  instrument,  but  the  response  time  of  the 
instrument,  when  moved  from  a  higher  to  a  lower  relative  humidity  region, 
was  prohibitively  long. 

Heat  balances  were  also  attempted  as  a  means  of  estimating  the  flow 
of  air  to  the  two  interior  rooms.  In  this  method  of  measurement,  advan¬ 
tage  was  taken  of  the  fact  that  heat  transmission  losses  from  these  rooms 
were  greatly  reduced  by  the  insulation  employed  on  the  floor  and  ceiling, 
as  well  as  on  the  exterior  walls.  A  correction  for  the  losses  actually 
present  could  be  made  based  on  the  known  temperature  drop  across  the  room 
boundaries.  The  heat  release  within  the  room  was  known  from  watt-hour 
meter  readings  made  at  intervals  throughout  the  test  period.  A  measure¬ 
ment  of  relative  humidity  and  temperature  by  a  Hygrosensor  (see  section 
on  Instrumentation)  located  near  the  center  of  the  space  in  question  per¬ 
mitted  on  estimate  to  be  made  of  the  enthalpy  of  the  air  within  the  room. 
Psychrometric  measurements  made  in  the  doorway  gave  data  from  which  the 
enthalpy  of  the  entering  (or  leaving)  air  could  be  determined.  From  the 
known  heat  release  and  the  enthalpy  increase  of  the  ventilation  stream, 
the  mass  flow  rate  of  the  stream  could  be  determined.  In  the  determina¬ 
tion  of  the  "average"  inlet  or  exhaust  enthalpy,  measurements  indicated 
that  properties  of  the  air  varied  over  the  area  of  the  doorway  in  much 
the  same  manner  as  had  been  found  for  the  velocity  determinations. 


Photograph  No.  11 .  The  Application  of  "Smoke"  Generation  to 

Determine  Air  Currents 
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Tracer  gas  techniques  were  also  employed  to  gain  some  insight  as 
to  air  change  phenomena.  In  this  method  of  measurement,  a  room  to  be 
tested  was  first  charged  with  CC>2  gas  (added  by  means  of  a  tube  dis¬ 
charging  in  the  center  of  the  room),  until  a  C0_  analyzer  indicated 
that  a  desired  concentration  of  gas  had  been  built  up.  The  supply  of 
CC>2  gas  was  shut  off  and  continuous  measurements  made  of  the  decreasing 
concentration  of  tracer  gas  in  the  test  area.  Assuming  complete  mixing 
of  the  ventilation  air  and  that  present  in  the  room,  the  concentration 
of  the  tracer  gas  during  the  decay  period  is  given  by: 

-V  4s  =  QC  Where: 

at 

C  =  Concentration  of  tracer  at  time  t 
Q  =  Ventilation  rate  to  room 
V  =  Volume  of  room 


For  initial  conditions,  C  *  CQ  and  t  =  o,  the  solution  is: 


C  = 


Coe 


-£t 

V 


From  which: 


LnC  =  LnC  -nt 
o 

From  a  plot  of  the  logarithm  of  percent  concentration  versus  time, 
the  slope  of  the  decay  curve  could  be  determined  as  a  measure  of  the 
number  of  air  changes  per  unit  time.  A  typical  decay  curve  on  semi- log 
coordinates  is  shown  on  Figure  7  which  follows,  for  a  test  of  Room  3. 

From  this  curve,  an  air  change  rate,  "n"  of  0.13  per  minute  is  obtained. 
Considering  the  free  volume  of  Room  3,  1413  cubic  feet,  it  can  be  seen 
that  an  air  flow  through  the  door,  of  (nHV^),  or  184  cubic  feet  per 
minute,  occurred.  Since  the  number  of  occupants  in  Room  3  is  19,  a  per 
capita  ventilation  rate  of  9.8  cfm  is  inferred. 

A  complication  exists  however.  The  differential  equation  whose  solu¬ 
tion  is  graphically  represented  by  the  plot  of  log  concentration  versus 
time,  was  derived  on  the  assumption  that  the  space  under  test,  having  once 
been  charged  with  the  tracer  gas,  is  subsequently  ventilated  with  air  which 
is  free  of  the  tracer  gas.  Such  is  not  the  case  in  the  simulated  shelter, 
especially  at  the  lower  shelter  supply  air  flow  rates  where  mixing  of  the 
inlet  and  outlet  ventilation  air  streams  may  occur  near  the  doors  to  the 
side  rooms.  For  this  reason,  it  was  deemed  necessary  to  determine  factors 
with  which  to  correct  the  tracer  gas  air  exchange  measurements. 

Lacking  a  second  carbon  dioxide  gas  analyzer,  tests  were  conducted  in 
which  timed  samples  were  taken  of  the  ventilation  air  supply  _to  the  room 
under  test  at  the  same  time  that  the  CC>2  analyzer  was  continuously  monitor¬ 
ing  the  gas  concentration  _in  the  room.  This  latter  was  assumed,  and  later 
shown,  to  represent  also  the  CC>2  concentration  in  the  room  exhaust  air 
stream.  At  the  end  of  the  determination,  the  samples  of  supply  air  to  the 
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room  were  successively  analyzed  to  determine  their  carbon  dioxide  gas 
content.  A  separate  determination  had  been  made  to  ascertain  the  sam¬ 
pling  lag  and  the  time  constant  of  the  CO2  analyzer  and  with  this  in¬ 
formation,  the  concentration  of  CO2  gas  in  the  supply  air  stream  could 
be  placed  in  the  correct  time  relationship  with  that  of  the  exhaust 
stream.  A  typical  set  of  measurements  is  shown  in  corrected  cime  re¬ 
lationship  as  the  lower  curve  of  Figure  7. 

Mathematically,  the  contamination  of  the  supply  air  stream  with  the 
tracer  gas  can  be  taken  into  account  by  dividing  the  number  of  air  changes 
per  unit  time  by  unity  less  the  ratio  of  CO2  concentration  in  supply  air, 
to  CC>2  concentration  in  room  (exhaust)  air  or  (1  -  cinle^Cexhaust^  *  This 
operates  to  increase  the  apparent  ventilation  rate  by  a  factor  which  was 
found  to  vary  from  1.4  for  low  shelter  supply  air  flow  rates  to  1.17  for 
the  highest  rate  of  25  cfm  per  occupant.  In  other  words,  the  uncorrectrd 
value  of  air  changes  per  unit  time  is  in  reality  a  measure  of  the  "pure 
air"  exchange  with  the  room,  "pure"  in  the  sense  that  it  had  never  been 
contaminated  with  the  tracer  gas.  The  corrected  value  of  air  changes  takes 
into  account  the  fact  that  other  than  "pure  air"  was  also  entering  the  side 
room,  i.e.,  air  that  already  contained  some  CO2  and  hence  by  inference,  al¬ 
ready  contained  some  of  the  heat  and  moisture  released  by  the  occupants  of 
the  side  rooms.  For  the  example  shown  on  Figure  7,  the  ratio  Ciniet/Cexhaust 
is  0.16,  the  corrected  value  of  ventilation  is  184/0.84  or  219  cubic  feet  per 
minute . 

Still  another  complicating  factor  needed  to  be  taken  into  account. 

There  was  no  assurance  that  all  of  the  air  (CO2  contaminated  and  CO2  free) 
which  entered  the  doorway  of  the  side  room  as  an  inlet  air  current,  actually 
penetrated  into  this  room  and  took  some  part  in  its  ventilation.  The  possi¬ 
bility  existed  that  some  of  this  stream  exited  almost  immediately,  having 
entered  the  room  only  a  short  distance.  This  possibility  was  tested  in  ex¬ 
periments  in  which  timed  samples  were  taken  at  both  the  lower  (inlet)  and 
upper  (outlet)  areas  of  the  doors  to  Rooms  3  and  4.  Subsequent  analysis  of 
these  samples  and  comparison  with  continuous  data  from  the  center  of  the 
room  indicated  that  during  periods  of  natural  ventilation,  (i.e.,  Punkahs 
not  in  operation)  the  exhaust  air  had  essentially  the  3ame  gas  concentration 
as  that  of  the  air  in  the  center  of  the  room  indicating  that  all  of  the  sup¬ 
ply  air  stream  had  penetrated  well  into  the  room  and  taken  some  part  in  its 
ventilation.  Had  there  been  significant  short  circuiting  of  this  air  stream, 
the  exhaust  samples  would  have  been  measureably  diluted  as  compared  to  the 
room  air  CO2  concentration.  A  line,  indicating  the  concentrations  of  the 
exhaust  samples  is  shown  on  Figure  8,  and  can  be  seen  to  be  almost  coinci¬ 
dent  with  the  room  decay  curve. 

When  Punkahs  were  employed,  there  was  apparent  short  circuiting  of  the 
inlet  air  to  the  outlet  stream.  There  was  a  strong  velocity  component  down 
and  along  the  Punkah  on  the  power  stroke  which  mixed  air  from  the  upper  por¬ 
tion  of  the  doorway  with  the  flow  into  the  room  near  the  floor.  For  this 
reason,  the  tracer  gas  technique  is  not  regarded  as  reliable  when  attempted 
at  times  when  the  Punkahs  were  in  operation.  Further,  there  was  extensive 
mixing  of  inlet  and  exhaust  air  just  outside  the  doorways  of  Rooms  3  and  4 
leading  to  correction  values  for  air  changes  of  the  order  of  0.6  to  0.2; 
i.e.,  the  observed  ventilation  rates  should  have  been  multiplied  by  1.7  to 
5  respectively.  Under  such  conditions,  the  accuracy  of  the  tracer  gas 
technique  is  open  to  serious  question. 
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DISCUSSION  AND  RESULTS 

The  results  obtained  during  the  ventilation  studies  of  the  adiabatic 
simulated  compartmented  shelter  are  presented  in  the  figures  and  tables 
which  follow,  together  with  some  comments  as  to  their  significance.  The 
overall  arrangement  of  this  material  is  as  follows:  Environmental  Re¬ 
sponses  to  Steady-State  and  Diurnal  Tests,  Steady-State  Responses  of  Side 
Rooms,  Air  Flow  Patterns,  Shelter  Micro-Environmental  Patterns,  Tracer  Gas 
Measurements,  and  the  Package  Ventilation  Kit.  Detailed  data  on  which  the 
following  curves  and  plots  are  based  are  contained  in  Appendix  B.  An  Index 
to  Shelter  Configurations  and  Test  Numbers  is  given  by  Table  V. 

Environmental  Responses  to  Steady-State  and  Diurnal  Tests  are  presented 
chronologically  on  tne  six  sections  of  Figure  9,  together  with  the  supply 
conditions  which  brought  about  these  responses.  The  response  of  the  shelter 
during  each  of  the  65  tests  depicted  has  been  broken  down  to  show  the  average 
environmental  conditions  existing  in  each  shelter  room,  as  determined  from 
measurements  of  temperature-humidity  sensing  instruments.  The  number  of  in¬ 
struments  in  each  room  and  their  location  are  shown  on  Figure  6,  schematics 
of  the  Ventilation  Configurations  and  their  modifications  are  shown  on  Figure 
3.  An  average  shelter  effective  temperature  may  be  obtained  at  any  time  by 
weighting  the  individual  room  average  effective  temperatures  as  follows, 

Room  1  -  35/112;  Room  2  -  45/112;  Room  3  -  19/112;  Room  4  -  13/112. 

In  general,  interpretation  of  Figure  9  should  be  based  on  examination 
of  the  last  day  of  a  diurnal  and  the  last  two  to  three  hours  of  a  steady- 
state  test.  If  inspection  of  the  plots  of  supply  air  conditions  reveals  a 
period  when  temperature  control  was  faulty,  this  fact  should  be  considered. 

Evaluation  of  responses  to  Ventilation  Configurations  1-N,  and  1-P  were 
conducted  during  the  period  April  22  -  May  8  and  also  from  June  12  through  15. 
The  latter  period  should  be  referred  to  for  a  presentation  of  diurnal  tests, 
the  diurnal  test  first  conducted  (April  22-24)  was  plagued  with  start-up  dif¬ 
ficulties,  and  in  addition,  as  explained  in  the  ae>_t-ion  on  EQUIPMENT,  was  con¬ 
ducted  with  a  metabolic  water  evaporation  rate  based  on  the  shelter  average 
effective  temperature,  rather  than  with  individual  water  rates  to  each  room 
based  on  the  temperature  in  that  room.  Control  problems  are  evident  from  the 
supply  air  plots,  and  there  was  a  shelter  fan  power  failure  on  April  24. 

The  responses  to  the  various  steady- state  tests  may  be  interpreted  more 
readily  by  noting  that  steady- state  tests  were  conducted  at  maximum  (93  F  - 
Dry  Bulb),  average  (84.6  F  -  Dry  Bulb)  and  minimum  (76  F  -  Dry  Bulb)  supply 
air  conditions,  with  a  constant  dew  point  of  72  F.  The  nearly  horizontal 
lines  depicting  these  temperatures  are  apparent.  Examination  of  the  curves 
indicates  that  for  maximum  temperature  supply  air  conditions,  no  air  flow 
was  adequate  to  make  all  shelter  rooms  habitable.  At  average  supply  air 
conditions,  the  highest  air  flow  (22.5  cfm)  was  nut  adequate  when  natural 
ventilation  was  employed  (Test  9)  but  was  adequate  when  Punkahs  were  used 
(Test  21).  With  Punkahs,  a  flow  rate  of  18  cfm  of  air  at  average  conditions 
was  also  adequate  (Test  18).  For  supply  air  furnished  at  the  minimum  con¬ 
ditions,  18  cfm  was  adequate  without  Punkahs  (Test  7)  and  10.5  cfm  with  Punkahs 
(Test  22). 
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Index  to  Shelter  Configuration  and  Test  Numbers 
Adiabatic  Simulated  Protective  Shelter 


P.S.D.C.,  Fort 

Belvoir,  Virginia 

■  Test 

Configuration 

Shelter  Ventilation 

Shelter  Supply 

Number 

Number  * 

Rate  (CFM/Occupant) 

Condition  ** 

■5 

1-N 

13.5 

Diurnal  Cycle 

R 

1-N 

13.5 

Minimum 

\S 

3 

1-N 

13.5 

Average 

$ 

tt 

1-N 

13.5 

Maximum 

5 

m 

1-N 

18.0 

Maximum 

®  6 

1-N 

1S.0 

Average 

§  7 

1-N 

13.0 

Minimum 

S' 

8 

1-N 

22.5 

Maximum 

9 

►'s 

1-N 

22.5 

Average 

10 

v 

1-N 

23.0 

Average 

£  11 

1-N 

8.0 

Minimum 

12 

1-N 

10.5 

Average 

V  13 

1-N 

10.3 

Minimum 

1 

1-P 

10.5 

Average 

15 

1-P 

15.0 

Average 

%  16 

1-P 

13.5 

Minimum 

17 

1-P 

13.5 

Maximum 

00 

1-P 

18.0 

Average 

•4 

1-P 

19.0 

Minimum 

20 

1-P 

22.5 

Maximum 

g 

1-P 

22.5 

Average 

22 

c% 

1-P 

10.5 

Minimum 

l)v 

r  23 

1-P 

18.0 

Maximum 

V  24 

2-N 

13.5 

Diurnal 

25 

2-N 

13.5 

Average 
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TABLE  V, 

CONTINUED 

Test 

Number 

Configuration 
Number  * 

Shelter  Ventilation 

Rate  (CFM/Occupant) 

Shelter  Supply 
Condition  ** 

26 

2-N 

13.5 

Minimum 

27 

2-P 

13.5 

Minimum 

28 

2-P 

13.5 

Average 

29 

2-P 

13.5 

Maximum 

30 

2-N 

13.5 

Maximum 

31 

2-N 

18.0 

Maximum 

32 

2-P 

18.0 

Maximum 

33 

2-P 

18.0 

Average 

34 

2-N 

18.0 

Average 

35 

2-N 

1  O  £ 

Minimum 

36 

2-P 

18.0 

Minimum 

37 

2-P 

18.0 

Average 

38 

2-P 

10.5 

Minimum 

39 

2-N 

10.5 

Minimum 

40 

2-N 

10.5 

Average 

41 

2-P 

10.5 

Average 

42 

2-P 

8.0 

Minimum 

43 

2-N 

8.0 

Minimum 

44 

2-N 

22.1 

Maximum 

45 

2-P 

22.1 

Maximum 

46 

2-N 

25.0 

Diurnal 

47 

2-B 

25.0 

Diurnal 

48 

2-PB 

25.0 

Diurnal 

49 

2-P 

25.0 

Diurnal 

2-P 

13.5 

Diurnal 
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i 

£ 
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Test 

Number 

Configuration 

Number  * 

Shelter  Ventilation 

Rate  (CFM/Occupant) 

Shelter  Supply 
Condition  ** 

51 

2-N 

22.5 

Average 

52 

2-P 

22.5 

Average 

53 

1-N 

25.0 

Diurnal 

54 

1-N 

8.0 

Minimum 

55 

3-N 

25.0 

Diurnal 

56 

3-N 

18.0 

Average 

57 

3-N 

18.0 

Average 

58 

3-N 

18.0 

Minimum 

59 

3-N 

10.5 

Minimum 

60 

3-N 

10.5 

Average 

61 

3-N 

13.5 

Maximum 

62 

3-N 

13.5 

Average 

63 

3-N 

13.5 

Minimum 

64 

3-N 

8.0 

Minimum 

65 

3-N 

13.5 

Diurnal 

J. 

Configuration  numbers 

correspond 

to  shelter  configurations 

as  shown  on 

Figure  3. 

For  "Diurnal"  entries  the  supply  air  conditions  correspond  to  "high 
design"  day  temperatures  as  shown  on  Figure  No.  1;  for  other  entries 
the  following  conditions  were  supplied  constantly:  1.  Maximum  -  93  F 
(Dry  Bulb)  and  72  F  (Dew  Point),  2.  Average  -  84.6  F  (Dry  Bulb)  and 
72  F  (Dew  Point),  3.  Minimum  -  76  F  (Dry  Bulb)  and  72  F  (Dew  Point). 
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For  succeeding  portions  of  Figure  9,  only  the  diurnal-cycle  responses 
will  be  considered.  For  the  steady-state  data  depicted,  Figure  9  serves 
mainly  as  a  chronological  plot  from  which  the  location  and  validity  of  data 
used  in  the  construction  of  other  Figures  may  be  determined. 

During  the  evaluation  of  Ventilation  Configuration  2,  six  diurnal- 
cycle  tests  were  made,  two  at  a  shelter  ventilation  rate  of  13.5  cfm  per 
occupant  which  was  estimated  to  produce  an  average  shelter  effective  tem¬ 
perature  of  85  F,  and  four  at  a  ventilation  rate  of  25  cfm  per  occupant 
which  was  predicted  to  produce  a  maximum  shelter  effective  temperature  of 
85  F.  In  the  predictions  of  shelter  response,  it  should  be  noted  that  only 
the  overall  shelter  response  could  be  estimated,  the  responses  of  the  in¬ 
dividual  rooms  which  were  to  make  up  the  shelter  could  be  determined  only 
by  experiment . 

When  the  shelter  was  ventilated  at  13.5  cfm  (Test  24)  the  average  tem¬ 
peratures  of  the  individual  rooms  were  Room  1  -  85.7  F;  Room  2  -  83.2  F; 
Room  3  -  86.6  F,  and  Room  4  -  85.0  F.  For  a  criterion  of  85.0  F  average 
effective  temperature,  Rooms  1  and  3  would  have  been  unuseable.  The  shel¬ 
ter  average  effective  temperature  was  84.7  F,  close  to  the  85.0  F  predicted. 
At  25  cfm  per  occupant  (Test  46),  Rooms  1,  3,  and  4  show  peak  effective  tem¬ 
peratures  above  85  F.  The  employment  of  an  air  directing  baffle  (Test  47) 
actually  made  conditions  worse  in  Rooms  3  and  4  for  reasons  to  be  discussed 
later.  The  employment  of  Punkahs  and/or  baffles  in  Tests  48  and  49  greatly 
improved  environmental  conditions  in  Rooms  3  and  4  without  material  change 
in  Rooms  1  and  2.  During  these  tests.  Room  2  (which  was  the  air  inlet  in 
this  Configuration)  wat  the  only  op-ce  vr.ich  never  exceeded  an  85.0  F  ef¬ 
fective  temperature,  but  the  excess  over  85.0  F  for  the  other  rooms  was 
slight  and  for  only  a  few  hours  at  a  time.  However,  a  strict  adherence  to 
a  maximum  of  85.0  F  effective  temperature  as  a  criterion  would  rule  out  all 
but  Room  2  for  extended  occupancy.  The  increase  in  ventilation  air  which 
would  be  necessary  to  further  reduce  the  shelter  response  cannot  readily 
be  estimated. 

The  diurnal  response  of  the  shelter  to  a  ventilation  test  at  13.5  cfm 
per  occupant  while  Punkahs  were  employed  was  investigated  in  Test  50,  The 
average  shelter  effective  temperature  for  a  twenty- four  hour  period  was 
84.1  F,  somewhat  lower  than  the  predicted  value  of  85.0.  The  24  hour 
averages  for  the  individual  rooms  were:  Room  1  -  85.3;  Room  2  -  82.6; 

Room  3  -  85.0;  and  Room  4  -  84.4.  Thus,  it  is  seen  that  almost  the  en¬ 
tire  shelter  is  habitable  if  the  criterion  of  85.0  F  average  effective 
temperature  is  employed. 

A  diurnal  test  with  Ventilation  Configuration  1-N  (without  Punkahs) 
was  conducted  at  25  cfm  per  occupant  as  Test  53.  For  a  criterion  of  maxi¬ 
mum  effective  temperature  of  85.0  F,  Rooms  1,  3,  4  were  all  unuseable. 

Two  diurnal  tests  were  conducted  with  Ventilation  Configuration  3, 
one  at  13.5  cfm  per  occupant  to  limit  average  response  to  85  F,  one  at 
25  cfm  per  occupant  to  limit  maximum  response  to  85  F.  In  Test  55  (25 
cfm),  only  Room  2  exceeded  85.0  F  effective  temperature,  and  this  for 
seven  of  the  24  hours.  In  the  13.5  cfm  Test  No.  65  (13.5  cfm),  the 
overall  shelter  average  effective  temperature  was  83.9  F,  while  the  in¬ 
dividual  rooms  averaged  as  follows:  Room  1  -  83.7;  Room  2  -  85.7;  Room 
3  -  81.9;  and  Room  4  -  80.5.  Only  Room  2  exceeds  the  criterion  of  85  F 
average  effective  temperature. 
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The  Steady-State  Responses  of  the  Side  Rooms  which  are  shown  chrono¬ 
logically  on  Figure  9,  are  collected  and  presented  as  a  function  of  shelter 
ventilation  rate  on  Figures  10  through  14.  Only  the  tests  depicting  re¬ 
sponses  to  shelter  ventilation  at  the  "average"  design  day  condition  of 
84.6  F  dry  bulb  temperature  and  72.0  F  dew  point  temperature  are  shown; 
responses  to  steady-state  ventilation  tests  employing  air  at  the  maximum 
and  minimum  conditions  of  the  diurnal  cycle  produced  curves  of  similar 
shape . 

The  response  of  the  four  rooms  to  different  air  flows,  for  the  con¬ 
figuration  in  which  the  PVK  was  employed  as  a  supply  fan  is  shown  on  Figure 
10.  The  salient  feature  to  be  noted  is  the  non-linear  response  of  the  side 
rooms  to  changes  in  the  shelter  ventilation  rate.  In  the  range  of  ventila¬ 
tion  rates  from  10  to  15  cfm  per  occupant,  the  reduction  in  effective  tem¬ 
perature  in  the  side  Rooms  3  and  4  is  as  great  or  greater  than  for  any  other 
shelter  area,  being  about  2  degrees  drop  in  effective  temperature  for  a  5 
cfm  increase  in  ventilation  rate.  At  shelter  ventilation  rates  of  from  14 
to  16  cfm,  the  response  curves  for  Rooms  3  and  4  become  quickly  asymptotic 
to  the  ventilation- rate  axis,  i.e.,  no  further  improvement  in  effective  tem¬ 
perature  is  accomplished  by  increases  in  ventilation  rate.  For  a  criterion 
of  85  F  average  effective  temperature,  neither  room  provides  a  useable  en¬ 
vironment  at  any  ventilation  rate  tested. 

It  is  postulated  that  the  ventilation  of  the  side  rooms  is  almost 
entirely  accomplished  by  thermal  currents  (stack  effects)  and  that  the 
air  supply  to  the  vicinity  of  the  doorways  merely  promotes  these  effects 
by  maintaining  a  suitable  environment  at  that  point,  but  cannot  measurably 
increase  the  velocity  of  the  thermal  currents  within  the  room.  Further,  it 
appears  that  the  volume  of  ventilation  air  to  these  side  rooms  is  affected 
by  doorway  size,  thus  Room  3  with  the  same  size  doorway  as  Room  4,  always 
exhibits  higher  effective  temperatures,  because  it  contains  more  people 
(Simocs).  This  supposition  is  supported  by  air  exchange  measurements  to 
be  discussed  later. 

The  behavior  of  Room  1  is  of  interest,  as  it  appears  to  follow  the 
postulated  adiabatic  response  curve  quite  well.  This  might  be  expected, 
since  it  is  the  "exhaust"  of  the  shelter.  Room  2,  on  the  contrary,  is 
the  "inlet",  and  since  it  receives  all  of  the  shelter  ventilation  air, 
and  receives  it  first ,  is  in  effect  being  provided  with  much  better  ven¬ 
tilation  than  any  other  area  of  the  shelter.  However,  its  performance 
curve,  even  were  it  shifted  to  higher  ventilation  rates,  cannot  be  made 
to  fit  the  adiabatic  curve.  This  is  doubtless  due  to  the  influence  of 
the  side  rooms  at  the  lower  air  flow  rates.  At  the  higher  rates,  the 
side  rooms  are  no  longer  responding  to  changes  in  ventilation  rate  and 
the  curve  for  Room  2  approximates  the  behavior  of  an  adiabatic  shelter 
at  very  high  air  flow  rates. 

When  Punkahs  were  operated  in  conjunction  with  Ventilation  Configu¬ 
ration  1,  the  results,  as  shown  on  Figure  11,  were  favorable.  Using  as 
a  criterion,  an  average  effective  temperature  of  85  F,  Room  4  became 
habitable  at  a  ventilation  rate  of  12.5  cfm  and  Room  3  at  16  cfm.  Fur¬ 
ther,  the  "spread"  in  effective  temperatures  which  had  been  four  degrees 
without  the  Punkahs  was  reduced  to  two  degrees  when  these  devices  were 
employed.  If  a  ventilation  rate  of  16  cfm  per  occupant  is  selected  as 
adequate,  since  it  makes  all  the  rooms  habitable  when  Punkahs  are  em- 
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ployed,  then  the  perto  mance  with  and  without  Punkahs  may  be  compared 
at  this  ventilation  r^ft .  The  effective  temperature  in  Room  3  dropped 
1.2  degrees,  in  Room  4  it  dropped  0.8  degrees,  while  in  Room  1  it  in¬ 
creased  0.3  degrees  and  in  Room  2  went  up  by  0.7  degrees  when  the  switch 
was  made  to  Punkahs.  The  overall  shelter  weighted  average  effective  tem¬ 
perature  remained  constant  at  84.1  F,  so  that  the  net  result  of  using  the 
Punkahs  was  to  make  useable,  two  rooms,  or  shelter  space  for  32  people 
which  had  been  unuseable  before. 

When  the  individual  room  performance  with  and  without  Punkahs  is 
compared  for  Ventilation  Configuration  2  in  which  the  PVK  was  used  as 
an  exhaust,  the  same  effects  are  noted  as  for  Configuration  1.  The  re¬ 
sults  are  shown  on  Figures  12  and  13.  Room  3  is  not  habitable  at  any 
ventilation  rate  investigated,  while  Room  4  is  marginally  habitable  (av¬ 
erage  effective  temperature  of  84.7  F)  at  flow  rates  in  excess  of  about 
13.5  cfm  per  occupant.  As  in  the  tests  of  Configuration  1,  the  shape  of 
the  response  curves  for  Rooms  3  and  4  does  not  indicate  that  much  change 
in  effective  temperature  can  be  achieved  after  the  shelter  ventilation 
rate  has  reached  14  to  16  cfm  per  occupant.  The  employment  of  Punkahs 
makes  the  entire  shelter  habitable  at  a  ventilation  rate  of  14  cfm  per 
occupant  which  is  a  slight  improvement  over  the  16  cfm  per  occupant  re¬ 
quired  for  Configuration  1. 

The  room  response  curves  for  Ventilation  Configuration  3  are  shown 
on  Figure  14.  As  indicated  on  the  Figure,  Ventilation  Configuration  3 
is  a  ventilation  scheme  in  which  each  room  is  supplied  in  series  with  the 
entire  ventilation  supply  for  the  shelter.  As  predicted  in  an  earlier  pub¬ 
lication,  this  method  of  ventilation  produced  the  best  results  for  the  en¬ 
tire  shelter.  The  "worst"  room,  in  this  configuration.  Room  2,  was  adequate¬ 
ly  ventilated  by  14  cfm  per  occupant  as  predicted  by  the  adiabatic  shelter 
response  curve.  All  other  rooms  were  "better"  in  the  sense  that  they  a- 
chieved  lower  effective  temperatures.  The  overall  shelter  average  effec¬ 
tive  temperature  for  this  configuration  was  83.2  F  as  compared  to  84.1  for 
Configuration  1. 
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The  improved  environmental  conditions  resulting  from  Configuration  3 
prompted  some  theoretical  calculations  involving  ventilation  schemes.  In 
the  first  of  these,  a  shelter  in  which  five  persons  each  receives  in  suc¬ 
cession  the  entire  ventilation  air  supply,  is  compared  with  a  shelter  in 
which  elaborate  air  distribution  ductwork  supplies  and  removes  air  for 
each  occupant.  It  is  supposed  that  each  man  is  in  a  separate  cubicle. 

The  results  are  tabulated  below: 

EXAMPLE  I 


Effective  Temperature 


■ 

Ventilation  Rate 

Leaving  Cubicle 

* 

Series  Flow 

Parallel  Flow 

Series  Flow 

Parallel  Flow 

Occupant  1 

50  cfm 

10  cfm 

81.2 

87.1 

*> 

Occupant  2 

50  cfm 

10  cfm 

83.0 

87.1 

Occupant  3 

50  c  fm 

10  cfm 

84.5 

87.1 

<u  - 

Occupant  4 

50  cfm 

10  cfm 

85.8 

87.1 

i 

Occupant  5 

50  cfm 

10  cfm 

87.2 

87.1 

vrf  Thus  it  can  be  seen  that  only  the  last  man  in  the  series  flow  scheme 

suffers  ao  severe  environmental  conditions  as  every  man  in  the  parallel 
flow  mode. 
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In  the  second  calculation,  the  preferred  direction  in  whi«_h  to  ven¬ 
tilate  a  shelter  is  investigated.  The  arrangement  of  rooms  and  the  occu¬ 
pancy  level  of  the  P.S.D.C.  adiabatic  simulated  shelter  are  used  as  a  model. 
A  ventilation  rate  of  18  cfm  is  selected,  since  actual  data  was  taken  at 
this  ventilatio-  rate.  Two  series  ventilation  paths,  one  beginning  in  Room 
4,  the  other  in  Room  2  are  investigated. 

EXAMPLE  II 


Path  4-3- 1-2-Exhaust  Path  2- 1-3-4-Exhaust 


Room 

Number 

Occupants 

Actual 

Effective 

Calculated 

Temperatures 

Calculated 

* 

4 

13 

80.0 

80.4 

84.1 

*- 

K 

3 

19 

81.2 

81.2 

83.6 

* 

1 

35 

82.4 

82.5 

83.0 

2 

45 

84.0 

84.1 

81.6 

vV 

Weighted 

Average  82.5 

82.6 

82.6 

V*.  From  this  table,  it  can  be  noted  that  the  calculated  responses  were 

r*  very  close  to  those  actually  measured,  lending  support  to  the  contention 

that  the  shelter  was  truly  adiabatic  in  operation.  If  it  can  be  surmised 
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that  in  the  hypothetical  shelter,  the  mixing  in  each  room  is  good  so  that 
no  area  of  a  room  differs  significantly  from  the  room  average,  then  the 
ventilation  Path  4-3-1- 2-Exhaust  is  superior  to  the  Path  2- 1-3-4-Exhaust . 
The  first  path  provides  67  persons  with  conditions  below  the  average, 
while  the  latter  only  has  45  people  below  the  average  conditions.  Had 
the  ventilation  rate  been  reduced,  so  that  the  average  shelter  effective 
temperature  had  reached  85  F,  then  any  rooms  which  exceeded  this  value 
would  have  been  considered  uninhabitable  according  to  the  criterion  used 
in  this  report. 


.V 

*5’ 

v  % 


m 


It  would  not  be  advisable  to  generalize  on  the  optimum  ventilation 
path  from  this  one  example  however.  In  another  theoretical  study,  a  dif¬ 
ferent  set  of  room  sizes  was  considered.  For  a  four  room  shelter,  in 
which  room  sizes  differed  by  factors  of  two,  the  following  effective  tem¬ 
peratures  were  calculated.  (The  ventilation  rate  is  assumed  to  be  14.1 
cfm  per  occupant  -  1  °L  High  Design  Day  -  Washington,  D.C.;  84.6  Dry  Bulb  - 
72 . 0  Dew  Point . ) 


EXAMPLE  III 


•0 

Path  1-2-3-4-Exhaust 

Path  4-3-2-1-Exhaust 

•23 

Number 

Effective 

Temperat  ares 

V 

Room 

Occupants 

Calculated 

Calculated 

1 

10 

80.2 

85.6 

2 

20 

81.1 

84.9 

«  ■ 

t 

3 

40 

82.6 

84.2 

3 

4 

80 

85.4 

83.1 

£: 


Path  4-3-2-1-Exhaust ,  i.e.,  from  largest  to  smallest  rooms,  results 
in  140  persons  with  environmental  conditions  below  85.0  effective  tempera¬ 
ture;  Path  1-2-3-4-Exhaust ,  i.e.,  from  smallest  to  largest  rooms  only  pro¬ 
vides  useable  conditions  for  60  persons. 

It  is  believed  that  other  relative  room  sizes  might  alter  the  selection 
of  the  optimum  ventilation  path;  thus,  in  the  preceeding  example,  if  Room  4 
is  split  into  two  rooms,  and  the  air  from  Room  3  passed  successively  through 
them,  then  Room  4A  will  develop  an  effective  temperature  of  84.3  F  while 
Room  4B  will  go  to  85.6  F.  In  effect,  forty  more  persons  have  been  placed 
in  a  habitable  environment  by  the  provision  of  a  partition. 


V 

v 

!> 
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Air  Flow  Patterns  shown  on  Figures  No.  15  and  16  illustrate  the 
main  shelter  supply  stream  as  it  leaves  the  plenum  and  enters  Room  2. 

The  main  stream  as  seen  in  Figure  15  leaves  the  plenum  with  a  velocity 
component  which  carries  it  down  along  the  south  side  of  Room  2.  This 
ventilation  pattern  then,  directs  the  "fresh"  air  away  from  the  door¬ 
ways  of  the  side  rooms.  In  contrast,  the  main  stream  as  seen  in  Figure 
16  is  baffled  (note  installation  of  baffle  at  the  doorway  from  Room  2 
to  plenum)  toward  the  north  side  and  impinges  directly  on  the  doorways 
of  the  side  rooms.  Tests  46,  47,  48,  and  49  were  conducted  to  evaluate 
the  effect  of  these  different  ventilation  patterns. 

A  comparison  of  the  responses  of  the  side  rooms  for  the  diurnal 
Tests  46,  47,  48,  and  49  is  worthy  of  discussion.  These  tests  were  all 
conducted  at  a  supply  ventilation  rate  of  25  cfra/occ.  but  exhibit  dif¬ 
fering  environmental  shelter  responses  because  of  the  application  of 
ventilation  adjuncts  operating  individually  (Punkahs)  or  in  combination 
(Punkahs  and  baffles) .  Test  46  was  conducted  without  any  ventilation 
aids  and  as  can  be  seen  in  Figure  15  the  main  shelter  supply  air  stream 
was  directed  away  from  the  side  rooms.  The  resulting  peak  effective  tem¬ 
peratures  in  Rooms  3  and  4  were  88.5  F  and  87.2  F,  respectively.  It  was 
then  decided  to  install  a  baffle  at  the  shelter  supply  location  and  di¬ 
rect  the  "fresh"  air  at  the  doorways  of  the  side  rooms.  The  resulting 
ventilation  pattern  for  Test  47  can  be  seen  in  Figure  16.  Despite  the 
fact  that  relatively  high  velocity  air  was  impinging  directly  on  the 
doorways  of  Rooms  3  and  4,  very  little  "fresh"  air  was  actually  pene¬ 
trating  into  the  rooms.  The  resulting  effect  was  an  increase  (rather 
than  the  postulated  decrease)  in  environmental  conditions  which  develop¬ 
ed  during  Test  46.  For  example,  Room  3  increased  from  88.5  F  to  90.5  F 
effective  temperature.  The  increase  in  effective  temperature  can  be  at¬ 
tributed  to  the  disturbance  of  the  natural  ventilation  currents  (stack 
effects)  which  had  previously  been  ventilating  the  side  rooms. 

It  was  then  postulated  that  with  the  addition  of  Punkah  Pumps  the 
air  which  was  being  baffled  toward  the  side  rooms  (but  not  entering) 
could  be  "forced"  to  ventilate  these  isolated  areas,  and  hence  improve 
the  severe  conditions  which  had  developed  during  Test  47.  Test  48  was 
then  conducted,  employing  both  Punkahs  and  baffles.  The  effective  tem¬ 
peratures  in  Rooms  3  and  4  dropped  from  a  peak  value  of  90.5  F  and  87.2  F 
'o  85.5  F  and  85.2  F,  respectively. 

The  results  of  Tests  46,  47,  and  48  indicate  that  baffling  alone  was 
not  sufficient  to  provide  adequate  ventilation  of  the  side  rooms,  but  that 
the  combination  of  baffles  and  Punkahs  does  provide  uniform  distribution 
of  ventilation  air  to  the  side  rooms. 

In  order  to  obtain  a  complete  evaluation  of  Configuration  2  (in  terms 
of  peak  effective  temperature  in  Rooms  3  and  4  at  25  cfm)  the  baffle  was 
removed  (and  Test  49  conducted)  thereby  leaving  only  the  Punkahs  as  ad¬ 
juncts.  In  this  manner,  it  could  be  ascertained  whether  or  not  baffling 
is  advantageous  when  Punkahs  are  in  operation  to  insure  optimum  ventila¬ 
tion  distribution  to  the  side  room.  The  resulting  peak  effective  tem¬ 
peratures  of  Rooms  3  and  4  were  essentially  unchanged  from  those  of  Test 
48  and  were  recorded  at  85.9  F  and  85.6  F,  respectively. 
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FIG  NO. IS 

MAJOR  AIR  FLOW  PATTERNS  IN  ROOM  2 
TEST  NO. 46 
CONFIGURATION  2-N 


Trailer  Supply 
Design  Day  Conditions 


NOTE:l  Velocities  Enclosed  Within  Area,  Were  in  General 
Under  20  fpm  in  Magnitude  and  Very  Unsteady  in 
Direction. 

NOTE  2  Direction  of  Air  Flow  was  Determined  by  "Smoke" 
and  the  Velocity  Magnitude  Determined  by  "Hot 
Wire"  Anemometer  (5  feet  off  floor). 


ENG-18-020-65-59 
July  1965 
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FIG  NO.  16 

MAJOR  AIR  FLOW  PATTERNS  IN  ROOM  2 
TEST  NO. 47 
CONFIGURATION  2-B 


I 


NOTErl  Velocities  Enclosed  Within  Area,  Were  in  General 
Under  20  fpra  in  Magnitude  and  Very  Unsteady  in 
Direction. 

NOTE: 2  Direction  of  Air  Flow  was  Determined  by  "Smoke" 
and  the  Velocity  Magnitude  Determined  by  "Hot 
Wire"  Anemometer  (5  feet  off  floor). 


ENG-18-020-65-59 
July  1965 
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Shelter  Micro-Environmental  Patterns  were  investigated  and  are  pre¬ 
sented  in  Figures  No.  17,  18,  19,  and  in  Table  VI.  These  include  the 
determination  of  ventilation  rates  for  Rooms  3  and  4  (based  on  a  heat 
balance  method)  and  effective  temperature  variations  throughout  the  shel¬ 
ter  for  the  Configurations  tested. 

The  effectiveness  or  efficacy  of  the  different  Configurations  tested 
can  be  evaluated  in  terms  of  the  distribution  of  the  ventilation  air.  One 
index  to  the  distribution  of  this  air  is  the  effective  temperature  varia¬ 
tion  throughout  the  test  structure.  Figures  No.  17  and  18  are  the  results 
of  temperature  traverses  taken  with  a  battery  operated  aspirating  psychro- 
meter.  The  average  environmental  conditions  of  each  room  are  shown  at  the 
top  of  the  figure  as  well  as  the  average  shelter  effective  temperature. 

The  values  shown  within  the  room  areas  are  variations  from  the  average  tem¬ 
perature  for  each  individual  room.  The  degree  of  variation  or  deviation 
from  the  room  average  for  any  particular  location  throughout  the  room  is 
an  indication  of  a  "hot  spot"  or  "cool  spot".  Additional  traverses  of  the 
same  type  as  Figures  No.  17  and  18  are  included  in  Appendix  C  for  consider¬ 
ation. 

From  Figure  No.  17,  it  can  be  seen  that  "hot  spots"  and  "cool  spots" 
exist  within  Rooms  3  and  4.  For  example,  plus  "+"  values  (which  are  in¬ 
dicative  of  severe  locations)  are  outstanding  in  all  but  the  doorway  cor¬ 
ner  of  Room  4  and  minus  "-"  values  (which  indicate  "cool  spots")  are  pre¬ 
sent  about  the  supply  area. 

The  maximum  variation  in  effective  temperatures  for  Room  4,  is  2.1 
degrees  for  Test  47,  but  with  the  addition  of  Punkah  Punps  (all  other 
variables  being  held  constant)  the  maximum  variation  was  only  1  degree 
as  can  be  seen  from  Figure  18.  Therefore  it  is  inferred  that  poor  dis¬ 
tribution  exists  within  the  side  rooms  during  periods  of  "natural"  ven¬ 
tilation. 

Room  1  shows  little  change  in  response  when  Punkah  Pumps  are  in¬ 
stalled.  The  maximum  variation  is  1.3  degrees  for  Test  47  as  compared 
to  1.6  degrees  for  Test  48. 


EN  AT 


CONFIGURATION  NO.  2~BP  page  71 

TEST  NO.  .  48  (Maximum  Shelter  Response) 
VENTILATION  RATE  -24  .5  cim/ occ 
AVG.  SHELTER  E.T  85.6°  Fig.  No.  18 

AVG.  E.T.  OF  ROOM  I  B6»0 

2  85.2 
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Figure  No.  19  which  follows,  illustrates  the  air  flow  pattern  at  the 
doorways  of  Rooms  3  and  4  during  tests  conducted  under  Configuration  2-N. 

The  "supply"  air  enters  the  side  rooms  via  the  bottom  section  of  the  door¬ 
way;  the  "exhaust"  air  exits  through  the  top  portion.  The  areas  of  the 
doorway  ascribed  to  "supply"  and  "exhaust"  air  depend  largely  on  the  ther¬ 
mal  currents  developed  within  the  side  rooms,  the  relative  thermal  condi¬ 
tion  of  the  two  air  masses  (specific  weight)  and  air  currents  which  might 
be  present  at  or  near  the  doorways.  The  latter  of  these  factors  was  not 
significant  except  during  Tests  ^  7  and  48,  during  which  time  the  shelter 
supply  air  was  baffled  toward  the  doorways  of  the  side  rooms  (See  section 
of  this  report  entitled  "Air  Flow  Patterns"  for  the  response  of  the  side 
rooms  during  such  tests.) 

The  volume  of  air  which  passes  through  these  doorways  (i.e.,  the  ven¬ 
tilation  rate  of  the  side  rooms)  depends  on  the  aforementioned  factors; 
also  the  flow  rate  is  limited  by  the  size  of  the  doorway.  Air  flow  rates 
into  the  side  rooms  were  determined  by  a  heat  balance  method  which  utilized 
the  difference  between  the  heat  content  of  the  "supply"  and  "exhaust1  air. 

A  sample  calculation  using  this  method  of  air  flow  determination  i  ■  iuded 
in  this  report  as  Appendix  A-3.  The  thermal  conditions  of  "inlet"  and  "ex¬ 
haust"  air  were  determined  by  a  12  point  traverse  at  the  doorway.  (The  area 
associated  with  each  flow  direction  had  previously  been  determined  by  the 
generation  of  smoke  patterns  within  the  doorway.) 

The  lower  portion  of  Figure  19  shows  the  treas  in  the  center  of  which 
measurements  were  made  during  Test  30;  the  temperatures  for  the  areas  shown 
are  listed.  The  height  of  the  boundary  line  separating  inlet  and  exhaust 
areas  of  the  doorway  did  not  vary  appreciably  from  test  to  test  and  was  in 
general  located  approximately  43  inches  above  the  floor. 

Table  VI  is  a  summary  of  17  ventilation  rates  which  were  determined  by 
the  heat  balance  method.  Comparing  the  ventilation  rates  of  Rooms  3  and  4 
for  any  test,  it  can  be  seen  that  these  rates  differ  only  slightly,  lending 
support  to  the  supposition  that  the  flow  generated  by  the  thermal  output  of 
the  simocs  is  not  a  linear  function  of  the  number  of  simocs,  but  is  control¬ 
led  by  the  door  geometry. 

A  maximum  ventilation  rate  of  373  cfm  was  recorded  during  Test  39  for 
both  Rooms  3  and  4.  This  rate  corresponds  the  per  capita  rates  of  19.7  and 
28.8  cubic  feet  per  minute,  respectively.  The  effective  temperatures  of 
Rooms  3  and  4  during  this  same  period  were  85.5  F  and  83.5  F,  respectively. 
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ROOM  3 


FIGURE  NO„  19 

AIR  FLOW  PATTERN  IN  DOORWAYS 
OF  SIDE  ROOMS  DURING 
CONFIGURATION  2-N 


EXHAUST  AIR 
v.  (OUT) 


ROOM  4 


SEE  NOTE  1 


SUPPLY  AIR 
(IN) 


ROOM  2 


SEE  NOTE  1 


SEE  NOTE  2 


TYPICAL  TRAVERSE  AREA  LAYOUT 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

_ 

iee  Nolte  1  P 

l  w 


VALUES  FOR  TEMPERATURES 
WITHIN  TRAVERSED  AREA 
(Test  30,  Room  3) 
db  db  wb 

v  1  96.3  87.3 

“  2  96.8  86.7 

«  3  96.3  87.2 

X  4  95.7  87.8 

w  5  96.0  87.5 

6  96.3  87.5 


7  94.0  81.3 

>,  8  94.0  81.7 

£  9  93.8  81.3 

a  10  93.8  80.9 

£  11  94.0  81.5 

12  94.0  80.7 


■RONT  VIEW  OF  DOORWAYS  LEADING  TO  ROOMS  3  &  4 
KITES: 


The  height  at  which  the  boundary  was  established 
between  Inlet  and  Exhaust  air  was  determined  by 
the  generation  of  "smoke”  patterns  within  the 
doorway  for  each  temperature  traverse. 


2)  Boundary  lines  were  well  defined  within  a 
ol  3  to  6  inches  for  all  tests  conducted. 
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TABLE  VI 

Summary  of  Ventilation  Rates  as  Determined  by  Heat  Balance  Method 
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Tracer  Gas  Measurements  were  made  during  a  number  of  tests  to  esti¬ 
mate  air  exchange  rates.  As  described  in  the  Section,  "Operational  Pro¬ 
cedures",  a  shelter  room  to  be  tested  was  "dosed"  with  carbon  dioxide, 
then  depletion  of  the  tracer  gas  with  time  was  determined  and  by  a  mathe¬ 
matical  operation,  made  to  indicate  the  number  of  air  changes  per  minute. 

A  correction  was  made  to  allow  for  the  fact  that  some  of  the  tracer  gas 
was  recirculating  to  the  area  under  test.  The  results  of  a  number  of  such 
tests  are  shown  in  Table  VII.  When  average  values  for  the  air  flow  through 
the  doorways  are  determined,  it  is  found  that  for  Room  3,  the  average  of 
all  tests  made  under  the  2-N  (no  Punkahs)  Configuration,  is  307  cfm,  while 
for  Room  4  under  this  same  Configuration,  the  average  ventilation  is  333 
cfm.  The  individual  corrected  ventilation  rates  do  not  differ  significant¬ 
ly  from  these  averages,  indicating  that  the  ventilation  rates  through  the 
doorways  are  independent  of  shelter  ventilation  rates  and  supply  air  tem¬ 
peratures.  The  same  is  generally  true  for  the  configurations  where  Punkahs 
were  employed,  here  the  ventilation  rates  are  1300  cfm  for  Room  3  and  1100 
for  Room  4,  and  while  individual  test  results  differ  from  these  values  by 
up  to  50%,  there  does  not  seem  to  be  any  regular  dependence  on  shelter  ven¬ 
tilation  rate  or  supply  air  temperatures.  Considering  the  uncertainty  in 
the  correction  factors  when  Punkahs  were  employed,  the  variations  are  not 
significant . 

As  noted  in  the  discussion  accompanying  the  section  on  ventilation 
rates  determined  by  heat  balances,  it  appears  that  ventilation  through  a 
doorway  is  largely  independent  of  the  conditions  existing  outside  the  door¬ 
way.  Since  the  air  supply  for  the  side  rooms  comes  from  and  returns  to  the 
same  area  (Room  2),  the  side  rooms  act  simply  as  heaters  and  saturators, 
and  raise  the  air  through  the  same  range  of  temperature  and  humidity  re¬ 
gardless  of  the  initial  conditions.  The  ventilation  rate  becomes  a  func¬ 
tion  of  the  thermal  ("stack")  effect  of  the  rise  in  temperature  and  humi¬ 
dity  and  the  doorway  dimensions. 
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The  Package  Ventilatina  Kit  (PVK)  was  tested  only  to  the  extent  that 
operating  points  were  chosen  from  the  performance  curve  and  by  utilizing 
a  D.C.  motor,  the  fan  was  driven  at  the  speed  necessary  to  provide  the  re¬ 
quired  air  flow  at  that  point.  Occasional  checks  were  made  on  speed  and 
static  pressure  at  the  fan,  but  this  data  was  not  used  to  determine  fan 
performance. 

When  using  the  PVK  as  an  exhaust  fan,  some  difficulty  was  experienced 
with  the  application  of  the  polyethylene  duct.  The  duct  may  not  readily 
be  used  when  it  is  required  to  make  a  sharp  turn  of  more  than  about  20  de¬ 
grees.  Such  a  turn  causes  a  crease  or  partial  collapse  of  the  duct  result¬ 
ing  in  an  increase  of  static  pressure  within  the  duct  and  a  significant 
reduction  in  the  flow  rate.  Some  peripheral  support  must  be  provided  along 
the  duct  at  the  point  of  the  bend  to  prevent  this  collapse. 

When  the  duct  was  used  with  its  exhaust  end  unattached  severe  whipping 
and  snapping  was  experienced  which  resulted  in  splitting  of  the  plastic.  In 
addition,  a  spontaneous  constriction  developed  three  to  four  duct  diameters 
upstream  from  the  end.  Since  the  constriction  did  not  present  a  good  ven¬ 
turi  shape  to  the  flowing  air,  permanent  pressure  drop  occurred  at  this 
point.  Both  the  whipping  and  the  constriction  could  be  prevented  by  re¬ 
straining  the  duct  with  a  heavy  object  placed  inside  the  end.  It  was  nec¬ 
essary  to  obstruct  about  one- third  of  the  area  at  the  duct  end  to  prevent 
the  constriction  from  developing  upstream. 

In  one  portion  of  the  test,  the  plastic  duct  was  attached  to  sheet 
metal  ductwork  for  its  passage  through  the  shelter  walls.  This  effective¬ 
ly  eliminated  any  whipping  of  the  duct  end,  but  did  not  prevent  the  con¬ 
striction  from  developing.  Photograph  12  shows  the  exterior  of  the  duct, 
while  Photograph  13  was  taken  looking  into  the  metal  duct.  The  assymetry 
of  the  constriction  is  apparent  in  this  latter  view. 


Photograph  No.  13.  View  Into  Exhaust  Duct  Showing  Constriction 
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VII.  CONCLUSIONS 

A  series  of  thermal  response  tests  were  made  of  a  compartmented , 
adiabatic,  simulated  protective  shelter  located  in  the  basement  room 
of  the  1000  Persons  Protective  Shelter  at  the  Protective  Structures 
Development  Center,  Fort  Belvoir,  Virginia.  The  shelter  was  ventilated 
at  varying  rates  with  air  which  was  conditioned  to  reproduce  the  ambient- 
air  conditions  expected  during  a  "1%  High  Design  Day",  for  the  rural  vi¬ 
cinity  of  Washington,  D.C.  (Springfield,  Virginia).  The  thermal  response 
of  areas  of  the  shelter  was  determined  when  ventilated  for  extended  per¬ 
iods  with  air  which  followed  a  diurnal  variation  of  temperature  and  humi¬ 
dity.  Responses  were  also  determined  in  a  series  of  steady-state  tests 
in  which  air  at  the  maximum,  average,  and  minimum  conditions  occurring 
during  a  diurnal  cycle  was  continuously  furnished  until  the  shelter  en¬ 
vironment  reached  thermal  equilibrium.  Ventilation  of  the  shelter  was 
accomplished  by  use  of  a  Package  Ventilation  Kit  utilized  in  both  "supply" 
and  "exhaust"  modes  and  either  drawing  from,  or  causing  the  shelter  to 
draw  from  a  zero  pressure  plenum  which  was  supplied  with  the  conditioned 
air.  Based  on  the  data  taken  during  the  tests,  and  on  observations  made 
by  the  test  personnel,  the  following  conclusions  are  drawn. 

1.  The  Package  Ventilation  Kit,  because  of  its  flexibility  of  location, 
is  well  suited  for  ventilation  of  protective  shelters.  Ventilation  rates 
of  up  to  2800  cubic  feet  per  minute  were  obtainable  from  the  fan  of  a 
single  PVK,  when  driven  by  an  electric  motor,  and  with  forty- five  feet 

of  20  inch  diameter  polyethylene  duct  attached.  Evaluation  of  the  fan 
performance  was  not  within  the  scope  of  the  contract. 

2.  A  theoretical  calculation,  supported  by  actual  tests,  indicates  that 
the  optimum  ventilation  configuration  is  one  in  which  air  flows  in  series 
through  shelter  rooms  or  areas.  Configurations  which  permit  recirculation 
of  air  result  in  higher  average  effective  temperatures.  Proper  placement 
of  the  shelter  ventilating  fan,  coupled  with  some  capability  on  the  part 

of  the  shelter  occupants  to  close  some  existing  openings  and  create  others, 
can  effect  a  series  ventilating  path  in  a  compartmented  shelter. 

3.  In  the  ventilation  of  a  compartmented  shelter,  flow  of  air  to  a  "side" 
room  (i.e.,  a  room  not  in  a  series  air  flow  path,  but  connecting  to  such 

a  "main"  room  by  one  or  more  openings)  is  largely  dependent  on  thermal 
currents  generated  within  the  room  and  is  little  affected  by  the  amount  or 
condition  of  the  air  supplied  to  the  "main"  room.  At  the  lower  ventilation 
rates,  some  dependence  of  the  "side"  room  ventilation  on  shelter  ventila¬ 
tion  rates  can  be  shown,  due  to  the  sweeping  away  of  the  exhaust  from  the 
"side"  rooms,  but  in  this  ventilation  rate  range,  the  "side"  rooms  are  un¬ 
inhabitable  from  either  criterion  of  effective  temperature  considered. 

4.  Employment  of  Punkah  Pumps  in  doorways  exerted  a  beneficial  effect  on 
conditions  within  otherwise  unuseable  "side"  rooms,  with  undue  adverse 
effects  op  the  "main"  rooms  from  which  they  were  moving  air. 

5.  An  air  directing  baffle,  utilized  to  cause  direct  impingement  of  air 

on  the  doorways  of  "side"  rooms,  was  not  a  successful  approach  to  improving 
their  ventilation.  The  directed  air  stream  from  a  ceiling  to  floor  baffle 
completely  blanketed  the  doorway  and  impeded  the  exit  of  exhaust  air. 
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6.  The  flexible  polyethylene  film  tubing  furnished  to  be  used  as  an 
exhaust  duct  with  the  PVK  exhibited  instability  at  high  air  flow  rates 
which  could  have  destroyed  it  in  time.  Stable  flow  could  only  be  ob¬ 
tained  by  restraining  the  exit  end  of  the  duct  and  by  simultaneously 
restricting  the  area  of  the  exit  end  by  about  thirty  percent.  Sharp 
bends  of  more  than  twenty  degrees  caused  a  collapse  of  the  sides  of 
the  duct  which  greatly  increased  its  resistance  to  air  flow.  A  con¬ 
striction  spontaneously  developed  near  the  exhaust  end  of  the  duct  at 
high  air  flows  which  also  reduced  air  handling  capability.  It  is  con¬ 
cluded  this  type  of  ducting  needs  further  development. 

7.  Utilization  of  the  PVK  in  an  exhaust  configuration  was  slightly 
superior,  as  measured  by  the  conditions  noted  in  the  "side”  rooms, 
compared  to  its  employment  as  a  supply  fan.  A  ten  percent  reduction 
in  the  ventilation  air  supply  rate  could  be  made  for  the  exhaust  con¬ 
figuration,  as  compared  to  the  supply  configuration,  while  maintaining 
the  shelter  at  an  average  effective  temperature  of  85.0  F.  The  effect 
is  believed  due  to  more  positive  air  flow  patterns  existing  in  the  sup¬ 
ply  configuration  which  impeded  thermal  currents  from  exiting  the  "side" 
room  doorways  as  had  been  found  when  an  air  directing  baffle  was  used. 

8.  Adiabatic  operation  of  a  simulated  shelter  is  realizable  in  practice 
by  proper  insulation  of  test  structures  and  by  maintaining  temperature 
control  of  the  surroundings.  When  so  operated,  simulated  shelters  re¬ 
present  typical  areas  in  the  interior  cores  of  multi-story  buildings. 
Deviations  of  the  simulated  shelter  behavior  from  that  of  a  "real"  shel¬ 
ter  result  from  the  fact  that  tests  made  of  actual  shelter  areas  have  not 
been  made  under  extreme  "high  design"  weather  conditions,  and  therefore 
have  demonstrated  heat  losses  by  conduction  and  radiation  that  would  not 
be  present  under  the  worst  conditions,  when  adiabatic  operation  will  be 
closely  approached.  In  addition  the  mass  of  material  (walls,  partitions, 
floor,  furnishings,  etc.)  to  be  found  in  a  "real"  shelter,  may  be  expected 
to  attenuate  the  amplitude  of  cyclic  temperature  variations  to  a  greater 
degree  than  that  experienced  in  the  simulated  shelter  which  was  very  light¬ 
ly  constructed. 

9.  When  operated  as  an  "adiabatic"  shelter,  the  response  of  the  structure 
approached  the  predicted  values  very  closely.  Average  shelter  effective 
temperatures  did  not  differ  by  more  than  0.5  degrees  from  those  calculated 
in  advance,  and  were  usually  within  0.2  degrees.  Effective  temperature  of 
any  room  serving  as  an  exhaust  chamber  could  be  predicted  with  similar  ac¬ 
curacy,  but  temperatures  to  be  expected  in  "side"  rooms  could  not  be  pre¬ 
dicted  with  confidence. 

10.  When  subjected  to  a  steady-state  test  with  ventilation  air  at  the 
average  temperature  selected  from  the  diurnal  cycle,  the  response  of  the 
shelter  as  a  whole  very  closely  approac imated  the  time-averaged  response 
of  the  shelter,  ventilated  at  the  same  rate,  with  air  whose  conditions 
followed  a  diurnal  cycle  of  temperature  and  humidity  variation.  The  pos¬ 
sibility  of  substituting  several  8-10  hour  steady-state  tests  for  a  72 
hour  diurnal  test  exists,  with  savings  in  time  and  expense. 

11.  With  respect  to  the  actual  thermal  responses  determined,  it  is  con¬ 
cluded  t^at  no  diurnal  "entilation  rate  tested  vas  adequate  to  control 


all  shelter  rooms  so  that  a  maximum  effective  temperature  was  never  ex¬ 
ceeded;  ventilation  rates  from  10  to  25  cubic  feet  per  minute  per  occu¬ 
pant  were  employed.  All  diurnal  ventilation  tests  conducted  at  22-25 
cfm  per  occupant  demonstrated  the  habitability  of  the  room  through  which 
the  ventilation  air  first  entered  the  shelter  for  a  criterion  of  85  F 
maximum  effective  temperature.  No  diurnal  ventilation  test  conducted  at 
13.5  cfm  per  occupant,  the  room  serving  as  the  inlet  for  ventilation  air, 
was  habitable  for  a  criterion  of  85  F  average  effective  temperature.  Under 
these  conditions,  and  for  this  criterion  "side"  rooms  also  became  habitable 
when  Punkahs  were  employed . 

12.  Estimation  of  ventilation  rates  for  "side"  rooms  by  heat  balance 
measurements  and  by  tracer-gas  techniques  indicates  that  ventilation 
rates  of  300-350  cubic  feet  per  minute  may  be  expected  for  a  doorway 
32-1/2  by  78-1/2  inches  in  size.  Velocity  measurements  indicate  that 
the  "inlet"  portion  of  this  door  extends  upward  43  inches  from  the 
floor,  there  is  a  region  of  about  6  inches  in  which  flow  is  indeter¬ 
minate,  the  balance  of  the  door  serves  as  an  exhaust.  It  is  concluded 
that  natural  ventilation  through  doorways  is  largely  independent  of 
conditions  existing  in  a  "main"  room,  except  as  directed  air  flows  may 
impede  thermal  currents. 
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Sample  Calculations  for  the  Determination  of  Overall  Heat 
Transmission  Coefficient,  "U" . 

Experimentally  Determined  "U". 

Equation  No.  1 

U  -  Q 


A  x  AT 


Where : 
U 


AT 


Overall  Heat  Transmission  Coefficient  (Btu/hr . sq . f t .F) 

Q*  =  Sensible  Heat  Liberated  within  Structure  (Btu/hr) 

A  =  Area  of  Walls  and  Ceiling  (Sq.ft.) 

Temperature  gradient  @  Steady  State  (Deg.  F) 

U  «*  23,500  -  1.23  Btu/hr. sq.ft.F 

?1'6  G  x  ~878 

Design  "U"  Determination 

Determination  of  "U"  value  after  addition  of  Styrofoam  Insulation 
(1  inch  thick)  to  walls  and  ceiling. 


Ceiling  Section 


Construction 


Resistance  (R***) 
0.68 
3.85 


1, 

2, 

3, 

4, 


Outside  Surface  (Still  air) 
Styrofoam  (1  inch  thick) 
Vinyl  (10  mil) 

Inside  Surface  (Still  air) 


**** 


0.68 


Total  R. 


5.21 


U1  =  1/R1  =  1/5-21  =  0.192 


Heat  to  structure  was  electrical  energy  and  was  metered  by  KWH 
meter  -  rate  was  6.9  KW  or  23,500  Btu/hr. 


** 


*** 


**** 


Average  temperature  gradient  was  determined  from  twelve  thermo¬ 
couple  pairs  located  across  walls  and  ceiling  sections. 

Resistance  values  from  ASHRAE  Guide  and  Data  Book,  Chapter  23. 

> 

Outside  surfaces  on  the  exterior  of  the  shelter,  wei e  in  "still' 
air,  since  located  within  the  basement  area  of  Building  2591, 
FSDC. 


Construction 


Wall  Section  (Type  A) 


Resistance  (R) 


1.  Outside  Surface  (Still  air)  0.68 

2.  Styrofoam  (1  inch  thick)  3.85 

3.  Air  Space  (3-5/8  inches)  0.91 

4.  Plywood  (1/4  inch  thick)  0.31 

5.  Inside  Surface  (Still  air)  0.68 

Total  Rg  =  6.43 


U2  =  l/R  =  1/6.43  =  0.155 


Wall  Section  (Type  B) 

Construction 

1.  Outside  Surface  (Still  air) 

2.  Styrofoam  (1  inch  thick) 

3.  Plywood  (1/4  inch  thick) 

4.  Inside  Surface  (Still  air) 

Total  R  = 
U  =  l/R  =  1/5.52  =  0.181 


Resistance  (R) 
0.68 
3  .85 
0.31 
0.68 
5.52 


Composite  Shelter  "U"  Value  (i.e.,  U  value  based  on  a  weighted 
average  considering  areas  of  individual  sections) 

U  =  U.  x  Area  ratio  +  U„  x  Area  ratio  +  U  x  Area  ratio 

cl  2  3 

U  =  0.192  x  0.518  +  0.181  x  0.241  +  0.155  x  0.241 

c 

Uc  =  0.171  Bin  yhr . sq . f  t , F 
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Sample  Calculations  for  Prediction  of  Shelter  Effective  Temperatures 
for  "Adiabatic"  Conditions. 

Definition  of  Symbol*  used  in  Calculations: 

h  =  Enthalpy  of  moist  air  -  Btu _ 

lb. dry  air 

v  =  Specific  volume  of  moist  air  -  ft^/lb.dry  air 

w  =  Moisture  content  of  air  -  lb.  moisture 

lb. dry  air 

«  Dry  bulb  temperature  of  air 

T  =  Wet  bulb  temperature  of  air 
wb 

m  =  Mass  flow  rate  of  air  supplied  to  shelter  -  lb .air 

min.occ 

Q  =  Volume  flow  rate  of  air  supplied  to  shelter  -  ftJ 

min.occ 

Problem:  Determine  the  effective  temperature  resulting  from  an 

O 

assumed  ventilation  rate  of  13.5  ft  /min.occ. 

Solution: 

Given : 

Ventilation  air  supplied  at  =  84.6  F  and 

T  ^  =  75.5  F  corresponding  to  average  design  day  conditions 

Let:  Subscript  1  denote  supply  condit  Ion 
Subscript  2  denote  exhaust  condition 
From  Psychrometric  Chart  at  condition  1: 

h^  =  39.07  Btu/lb.dry  air 
vj  =  14.17  ft^/lb.dry  air 

=  0.017  lb .moisture/lb. dry  air 


Ah 

2-1 


heat  release  in  shelter  is  400  Btu/hr.-v'c  or 

400  =  7.00  Btu/lb.dry  air 

(60) (0.952) 


h^  =  h^  +  A^  ^  =  39.07  +  7.00  =  46.07  Btu/lb.dry  air 


Assume 


90  F  Latent  Heat  Loss  @  90  F  =  0.274  lb .water 

hr .occ . 


w  =  0.274  +  (0.952) (0.017) 

60 _ 

0.952 


0.0218  lb. moisture 
lb. dry  air 


From  Psychrometric  Chart  @  90  F  and  0.0218  lb .moisture 

lb. dry  air 


h^  =  45.70  Btu/lb.dry  air 

Therefore  the  assumption  of  Tdb„  =  90  F  was  too  low 


Assume 


91  F  Latent  Heat  Loss  @  91  F  =  0.2830  lb .water 

hr. occ . 


w2  =  0.2830  +  0.0162 

60 _ _  =  0.02195  lb.moi8ture 

0.952  lb. dry  air 

h2  =  46.06  Btu/lb.dry  air 

This  agrees  closely  with  the  required  h2  of  46.07  Btu/lb.dry  air 

From  Psychrometric  Chart  (?  91  F  and  0.02195  lb. moisture 

lb. dry  air 


T  *  91.0  F 

db2 


T  .  =  82.2  F 

wb 

2 


This  gives  a  predicated  effective  temperature  of  85.2  F 


From  Psycnrometric  Chart  at  conditions  2: 

=  46.35  Btu/lb.dry  air 

V2  =  14.35  ft^/lb.dry  air 

Equation  1: 

QxM  =  M(h2  -  h^)  x  60 

Therefore: 

M  ■  Q  x  n  =  400  x  13 _ 

(h2  -  hx)  x  60  (46.35  -  42.30)  x  60 

M  =  21.2  lb. dry  air 

min 

Equation  2: 

V  =  M  v  Where:  v  =  Average  specific  volume 

of  conditions  1  and  2 

V  =  21.2  x  14.27 

V  =  303  ft3/min. 


It  is  assumed  that  the  side  rooms  are  adiabatic  and  that  -all 
of  the  heat  generated  by  the  Simocs  (400  Btu/hr.occ)  is  carried 
out  in  the  ventilation  air  stream. 

** 

The  inlet  and  exhaust  conditions  of  air  were  previously  determined 
by  a  twelve  point  traverse  using  a  battery  operated  aspirating 
psychrometer .  The  areas  assigned  to  inlet  and  exhaust  air  stream 
were  determined  by  a  "smoke "  pattern  traverse  taken  prior  to  tem¬ 
perature  traverse. 


APPENDIX  A-3 


Sample  Calculations  of  Air  Flow  Rate  Determination  Using  Heat 
Balance  Method. 

Definition  of  Symbols  used  in  Calculations: 

h  =  Enthalpy  of  moist  air  -  Btu  _ 

lb. dry  air 

O 

v  =  Specific  volume  of  moist  air  -  ft  /lb. dry  air 
Tdb  =  Dry  bulb  temperature  of  air 

T  =  Wet  bulb  temperature  of  air 
wb 

M  ■=  Mass  flow  rate  of  air  -  lb. air 

min. 

n  =  Number  of  occupants  simulated  (Room  4) 

Q*  =  Metabolic  heat  released  by  Simoc  -  Btu/hr.occ 
V  =  Flow  rate  of  air  -  ft^/min 
Given: ** 

1)  Inlet  air  conditions  in  lower  portion  of  doorway  @ 

Tdb  =  87.2  F  and  Twb  =  78.7  F. 

2)  Exhaust  air  conditions  in  upper  portion  of  doorway  @ 

Tdb  =  90,2  F  and  Twb  =  82,3  F* 

Let: 

Subscript  1  denote  inlet  conditions. 

Subscript  2  denote  exhaust  conditions. 

From  Psychrometric  Chart  at  condition  1: 

h^  =  42.30  Btu/lb.dry  air 

-  14.2  ft3/lb.dry  air 


From  Psychrometric  Chart  at  conditions  2: 


^2  =  46.35  Btu/lb.dry  air 

Vg  =  14.35  ft^/lb.dry  air 

Equation  1: 

Q  =  M(h2  -  hx) 


Therefore : 

M  =  Q  x 

W 

M  =  1273 


n  =  400 

h^)  TTHT 

lb.dry  air  or 
hr 


x  13 
- — 477311 

21.2  lb. dry  air 
min 


Equation  2 

V  = 

M  v 

Where : 

V  = 

21.2  x  14.57 

V  = 

312  ft3 /min 

v  =  Average  specific  volume 
of  conditions  1  and  2 


*  It  is  assumed  that  the  side  rooms  are  adiabatic  and  that  all 
of  the  heat  generated  by  the  Simocs  (400  Btu/hr.occ)  is  carried 
out  in  the  ventilation  air  stream. 


The  inlet  and  exhaust  conditions  of  air  were  previously  determined 
by  a  twelve  point  traverse  using  a  battery  operated  aspirating 
psychrometer .  The  areas  assigned  to  inlet  and  exhaust  air  streams 
were  determined  by  a  "smoke"  pattern  traverse  taken  prior  to  tem¬ 
perature  traverse. 


APPENDIX  B 

TEMPERATURE  DATA  TABULATION 


I 


TABLE  I-B 

Index  to  Temperature  Data 


The  data  contained  in  Table  I-B  is  listed  in  chronological  order.  In  order 
that  this  data  can  be  made  readily  accessible,  the  following  index  relates  the 
test  number,  with  the  period  during  which  the  test  was  conducted.  The  significance 
of  data  points  1-49  in  Table  II-B  may  be  determined  by  reference  to  Tables  III  and 
IV  in  the  body  of  che  report. 

TEST  PERIOD 

TEST  NO.  (Date  &  Time) 


MW 


1 

1200 

4/20/65 

through 

1600 

4/24/65 

2 

0600 

4/27/65 

through 

1800 

4/27/65 

3 

1900 

4/27/65 

through 

0200 

4/28/65 

4 

0300 

4/28/65 

through 

1700 

4/28/65 

5 

1800 

4/28/65 

through 

2300 

4/28/65 

6 

2400 

4/28/65 

throuj’ 

1100 

4/29/65 

7 

1200 

4/29/65 

through 

1700 

4/29/65 

8 

1800 

4/29/65 

through 

2300 

4/29/65 

9 

2400 

4/29/65 

through 

1000 

4/30/65 

10 

1100 

4/30/65 

through 

1700 

4/30/65 

11 

2200 

4/30/65 

through 

0800 

5/1/65 

12 

0300 

5/3/65 

through 

1400 

5/3/65 

13 

1500 

5/3/65 

through 

0300 

5/4/65 

14 

0400 

5/4/65 

through 

1400 

5/4/65 

15 

1500 

5/4/65 

through 

2200 

5/4/65 

16 

2300 

5/4/65 

through 

0500 

5 /*/*; 

17 

0600 

5/5/65 

through 

1500 

5/5/65 

18 

1600 

5/5/65 

through 

2200 

5/5  55 

19 

2300 

5/5/65 

0700 

5/6/65 

20 

0800 

5/6/65 

through 

1700 

5/6/65 

21 

1800 

5/6/65 

through 

0100 

5/7/65 

22 

0200 

5/7/65 

through 

1200 

5/7/65 

wmmmmmmmF'. 

•VV'V‘ 

V*  > 
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TABLE  I-B,  CONTINUED 


TEST  PERIOD 
(Date  &  Time) 


1800 

5/7/65 

through 

0100 

5/8/65 

1700 

5/9/65 

through 

1700 

5/13/65 

1800 

5/13/65 

through 

2400 

5/13/65 

0100 

5/14/65 

through 

1600 

5/14/65 

0400 

5/17/65 

through 

1100 

5/14/65 

1200 

5/17/65 

through 

2000 

5/17/65 

2100 

5/17/65 

through 

0200 

5/18/65 

0300 

5/18/65 

through 

0900 

5/18/65 

1200 

5/18/65 

through 

2000 

5/18/65 

2100 

5/18/65 

through 

2400 

5/18/65 

0100 

5/19/65 

through 

0500 

5/19/65 

0600 

5/19/65 

through 

1300 

5/19/65 

1400 

5/19/65 

through 

2300 

5/19/65 

2400 

5/19/65 

through 

1200 

5/20/65 

1300 

5/20/65 

through 

1900 

5/20/65 

2100 

5/20/65 

through 

1000 

5/21/65 

1100 

5/21/65 

through 

1500 

5/21/65 

1600 

5/21/65 

through 

2400 

5/21/65 

1000 

5/23/65 

through 

2000 

5/23/65 

2100 

5/23/65 

through 

0900 

5/24/65 

1000 

5/24/65 

through 

2000 

5/24/65 

2100 

5/24/65 

through 

1600 

5/25/65 

1700 

5/25/65 

through 

1100 

5/26/65 

2300 

5/26/65 

through 

1800 

5/29/65 

1900 

5/29/65 

through 

1800 

6/1/65 

1900 

6/1/65 

through 

1900 

6/4/65 

TEST  NO. 

TABLE 

49 

2000 

50 

1900 

51 

2000 

52 

0400 

51- R* 

1300 

42- R* 

2100 

43- R* 

0400 

41.00+* 

180G 

42- RR** 

0800 

53 

0100 

54 

1900 

55 

1700 

56 

2100 

57 

0900 

58 

1700 

59 

0100 

60 

1100 

61 

2200 

62 

1000 

63 

2000 

64 

1600 

65 

2300 

38- R* 

2200 

52-R 

1100 

CONTINUED 

TEST  PERIOD 
(Date  &  Time) 


6/4/65 

through 

1800 

6/6/65 

6/6/65 

through 

1800 

6/8/65 

6/8/65 

through 

0300 

6/9/65 

6/9/65 

through 

1200 

6/9/65 

6/9/65 

through 

1700 

6/9/65 

6/9/65 

through 

0300 

6/10/65 

6/10/65 

through 

1200 

6/10/65 

6/10/65 

through 

0700 

6/11/65 

6/11/65 

through 

1900 

6/11/65 

6/12/65 

through 

1800 

6/14/65 

6/14/65 

through 

0300 

6/15/65 

6/15/65 

through 

1800 

6/17/65 

6/17/65 

through 

0700 

6/18/65 

6/18/65 

through 

1600 

6/18/65 

6/18/65 

through 

2400 

6/18/65 

6/19/65 

through 

1000 

6/19/65 

6/19/65 

through 

1800 

6/19/65 

6/19/65 

through 

0900 

6/20/65 

6/20/65 

through 

1900 

6/20/65 

6/20/65 

through 

1500 

6/21/65 

6/21/65 

through 

2200 

6/21/65 

6/21/65 

through 

1800 

6/24/65 

6/24/65 

through 

1000 

6/25/65 

6/25/65 

through 

1800 

6/25/65 

*  Repeat  of  Numbered  Test 
**  Second  Repeat  of  Numbered  Test 


TABLE  II-B 

TEMPERATURE  DATA 


NOTE:  Refer  to  TABLES  m  and  IV  in  the 
Body  of  the  Report  for  physical 
location  and  function  of  points,  and 
to  TABLE  II-B,  APPENDIX  B  for 
the  times  and  rations  of  individu¬ 
al  tests. 
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Tinr — Wff - DSTf '  5725/1465 

PT  I  EHf  PI  I  EHP  PI  IE«P  PI  7EHP  P  I  IEPP  PI  TtMP  PI  TEMP 

r~  ¥5.5 — T~ar.tr —  r  «.o  *  ~sm - 5  «rr? - a  sin — t  vttt- 

8  80.1  9  92.5  10  80.2  LL  95.0  12  80.5  13  92.2  V4  71.9 


22  83.3  23  94.8  24  82.0  25  93.0  26  82.4  27  94.1 

29  81.2”  “16  69.8  3l  94.T  3 ?  ~¥4.TJ  55  9575  34  95.0 

36  95.8  37  95.0  38  95.1  39  95.5  40  93.8  41  93.7 

43“  93.8  '  '44  «9.3  45  93.2  46  57.6  47  94.8  71  597T” 


5/2371965 
PI  TP HP 


pi  iewp  pi  m»p 


8  80.3  9  93.0 

15~  97.0  15  46.5 

22  83.0  23  93.0 

29  92.a  io  71. 0 

36  95.0  37  95.0 


13  92.4  14  77.7 

70  B5.6 - 71  94.5 

27  94.3  28  92.8 

IT  95.7  15  9570 

41  93.8  42  94.1 


21  95.0 

2* _  9J.H 
35  96.0 

-  -52  -  .9.9-  7 
49  69.2 


lift  Uuu  Hit  5/25/1965 

_ P-1—UJ1E. J-I — LrTlP - EJ_  IUU*  — El...  IfcflP _ El I£Ei* 

1  43.7  2  41.4  3  93.7  4  82.2  5  94.;, 

■  fl  dQ-li  _  *  U-.8X-U.  11  _  93.5  _  12  . .  -81.1 

13  44.0  *6  >1.5  1/  43.5  18  87.1  (5  44.3 


1  32  93. C  33  94.3 

15 _ li -* _ 39  46- Q  _  40  94.  t 

43  53.3  46  86.0  47  45.3 


5/23/ 1565 

£1 i try _ PI _U. Bt  _ 


20  84.0  21  93.0 

27  _  95-H. _ ZU  94-2  - 

34  95.5  13  95.8 


7C.0  49  69.4 


29  63.3  30  12.5  31  95.0  32  95.0  13  94.2  34  95.5  J5  95.8 

46  .96./  il _ J3-0 _ 36  95.7  49.  95.8  40  44.1  4l  94. Q  42  94.3  . 

43  #4.>  -4  90.0  45  93.0  46  88.5  47  95.7  48  70.0  49  69.3 


15  43.0  1 6  94.0  17  33.0  18  83.0  19  93.0  20  83.0  21  91.0 

22 _ 62.5  11  94-4  25  82.J _ 25  92.5  26  82.1  27 ...  94-8  28  94.5 

29  65.0  30  74.5  31  95.2  32  95.0  33  94.3  34  94.5  33  94.0 


43  93.5  46  “7.8  47  95.1  48  69.3 

57  23/ 1965 


43  94.1 

I Wfc  900 

1  93.3 


Oil!  5/25/1965 

EJ 1EWP-.  PI  ILPP PI  UUP 

2  81.1  3  93. &  4  81.7 


48  69.4  49  69.2 

PI  tUtt _ EJ _ ItEE 

6  82.4  I  93.0 


15  44.0  16  06.7  17 

29  0.  3l  0.  31  94.8  32  94.7  33  94.2  34  95.2 

43  94.2  44  49.9  45  93. B  46  87.8  47  95.4  48  65.8  49  69.2 


48  69.7  49  69.2 


13  44.0  16  ol.l 

.  _22 — 8-1.6  ..-Zl—Hl-O 

29  0.  3C  o. 


iJ.O  10  80.2 _ J 


W  93.0  18  66.5  19  44 

Iv  AU.  25  93-2. _ 26 — ILL 

31  95.0  32  45.0  33  94 


.1  20  44.3  21  94.5 


tl*t  ISO 

_£J - ltM£ 

1  93.  3 


15  91.0 

29  04.1 

-16 _ 9X-9 

43  94.2 


HUE  1900 

— EJ - ILBB— 

1  43.3 

15  42.0 


24  84.3 

—16 — i-L-9 _ 

43  44.2 

I  lilt  2000 


5/25/1565 
PI  lEHF  __ 
3  93.4 


16  03.7  17  93.0  18  63.1  19  93.0  20  83.0  24  92.5 


30  71.8  31  94.9  32  94.6  33  94.2  34  94.0  35  93.8 

11 - LL-I _ 18  94.0  .39  94-11 _ 40 — 91-6 - 41 _ *1-2 _ 42 _ 93.5 

44  9C.0  45  93.5  46  88.4  47  95.3  48  69.8  49  69.1 


C4U  5/25/1965 


45  93.7 

5/24/1465 


47  95. C  48  69.5  49  69.0 


8  70.0  49  69.0 


29  0. 

- 16 - 9*-U — 

43  94.1 

n«  2300~ 


44  90.0  45  93.8 

0*  IE  5/25/1965 


46  88.7  47  95.0  48  69.6  49  69.0 


II  *1  /*JL  ca(t  5/  <f5/  1969 

_ PI.  Ittu  -  el it  HP  .  LLKP _ v I - lEtf _ U - 1EP.P - £1  1£EP - ZL — li-f.P- 

1  93.0  2  »i..1  i  93.0  4  til.fr  3  93.0  6  82.0  7  92.2 


II  91.8  32  74.5  13  44.2 

_  ,v.  u  3a_  H.L  19 — *4.2 —  iii — 99.1 

Jg.O  4>  44.0  46  69. C  67  45.2 


5/26/1564 

Pi  imp  pi  imp  .PI  it- Hi' 

}  9  1.0  4  80.4  6  4i.4 


18  81.  5  14  43.', 

-25  .2i*5-  —2lL.-XLu  . 
32  95.2  33  46-6 

J3_JL4^9  4L.  -J14.2- 

46  85. C  f7  95. d 


1 _ 1121 

_  _K1_ 

JIM _ pi.  -imp  .. 

>  44.0 

6 

82.4 

7  93.0 

’ _ Zi.ii 

-  11 

M^O— 

.  -14-  IB. 6 

t  44.  V 

20 

82.0 

21  94.0 

4',.  4  32  45.2  33  94./  34  49.0 

4} .2  J5  45.1  -4L.  _94.V  41  44.0 

94.2  4b  89.2  47  4b. 0  48  64.9 


4  82. C  5  44.0  6  82.7 

11  9 1.3  12-  _  311L.3  - _ U _ 42.2 

lb  63.4  19  44.6  2C  82. 3 

25  J1.C_  Ml  27  99.1 

32  95.2  33  /4.U  34  95.0 


1  B3.9  2  //. 5  J  84.5  4 

15  68.0  16  il.l  1/  80. C  18  80.8  14  89.9  20  8C.0  21  90.0 

24  0.  30  6.  31  64.0  32  85.0  13  B5.0  14  86.7  35  68.9 

Ifc  fc4.  .  1/  iL.2 _ 32 _ 9L.fr,  39. .  90.1.  M. - M2. 6 - frj - ttl*2 - 12 — 04-  3  - 

43  64.0  4h  12.9  4d  82.2  46  81.9  47  84.0  48  70. 5  49  70.1 

HUE  200  l.  4  f  E  5/2?/ 1.69 

-  pi  imp  .  j/i  imp  pi  _  i lev  pi _ imp _ _vi — imv — ei — imp — ti — imp.. 

1  83. U  2  77.4  1  64.0  4  77.9  5  84. C  6  77.8  7  82.0 


6  78.0  1  82.5 

11  SI. 5 _ 12  IbM _ U .  14  73.9 

IB  80. 8  19  86.0  2C  75.0  2i  66.0 

.5  14.2  _2A... Zl*ll _ _ 2A-  .110.0 

32  89.  I  13  64.6  34  86.2  39  8B.0 

_ tO*i _ Hi — LUn _ 4i _ aj.4 _ iu — 

56  H  2 • 9  47  85.0  48  71.4  4/  70.9 


BOO  0A1E 

li-P.P _ pi  IIP.  I’ 

86.0  2  » b • 5 


5/27/ 1  .69 
PI  TlPP 
3  bfr.' 


1  83.4 

6 

77.4 

5 

04. g 

6 

70. C 

7 

III  .6 

1 

84.0 

2 

74.9 

3 

»4.t) 

4 

80*3 

5  90.  C 

6 

81.3 

7 

Bo..’ 

.  /  6.2 

il 

63  .0_- 

02 

MlM 

_  13 _ Ifr.l 

14  . 

ZL» 

_ X 

24  *> 

..  2 

18.0 

J.U- 

.  Z.9.J 

n 

08.5 

.  12  -19m. 

JU  . 

-  flUl. 

14  - 

_J4.3 

1  8/. 4 

1  6 

81.0 

19 

BA.  0 

20 

79.2 

21 

66.0 

15 

40.2 

16 

83.6 

1  7 

4C.5 

16 

B2.fi 

19  89.3 

20 

82.  1 

21 

90.0 

■  U.8 

25 

11. 4 

2fr 

.  JIM. 

.21 _ flJ.  3 

la 

I9.fr- 

22 

62.2 

41 

<19.5 

29 

BC.V 

23 

81.6 

ifr  19.SL.. 

2J_ 

3k.  Q. 

— 2ft— 

-09.2-  . 

1  8  3.0 

32 

33 

61. 4 

34 

85.3 

35 

87.6 

24 

0. 

30 

0- 

31 

9C.2 

J2 

40*5 

33  89.8 

>4 

91.5 

15 

91 .8 

',iV  *  \  v.Y  1  *  V'v.V  v  V  V  v  ’w  iviv*'.  '*»  *k  -5»V,V»  V >v*v 


•  I  .5 


1 

£ 

i  1*1  11  -i  l'l.  5/.7/»ift6 

i*l  rl-  L_**P  El  liMf.-  VI  ItttP.  .  ttl._  l£Pf  FT  IEMP  PI  IEPP _ 

4  -i.<-  2  t.  »  9C.4  4  80.  b  5  90. J  6  8C.3  7  90.0 

- J - LL*J - 1 - U^. - L _ - U _ _ 17  79.  l.  H  9C.C  14  7I.± 

lIMt  I7o0 
-  PI  1L-8P  i*l 

l  91. u 

79.1 

i-  .It  4/?7/l'i69 

i  i^r.p  pi  ilpp  PJ. -Ill _ lli _ upp _ iU _ i£j*p  __pi  ilpp 

...0  J  91.2  4  SC. 4  5  93.9  6  81.5  7  92.2 

! _ _ U _ Li*S _ U _ 93. Q _ 1?  79.9  il  91.7  14  77.7 _ 

la  »  IS  9Q.«  /O 

si.Z-  an.  1  2  7 _ 

>2  92.1  ii  91. U  14  93  .  1  '9  93.3 

iS  92.1  __Afl _ 91^. _ 41 _ 11. Q  .^2.  ...91^. 

4  6  3t.  2  47  -*2 .  j  4  6  M.6  49  71.0 


8U6  7  93.0 

i  92. fl  14 _ ztt.5 

84.0  21  94.0 

96.0  39  95.9 


4a  91.5  49  0. 


L..II  5/27/15t»6 

i)  i* jo*  *»  i  it>*p  pi  itflP 

.•  . 9  J  -.4.'-,  4  ,1.5 


5/27/  1969 

Ei  11ME  .  -£1-  l£l«.g _ 

1  92.7  4  80.5 

iJ  75.5  .  11  _  42^5 _ 

1/  94.7  16  84. 9 


l  90.9 

_ 

15  92.7 

_ 22__  _a2.U  _ 

29  O. 


riMt  2000  L.m  5/2  7/1965 

_ ELL _ ltf*K _ _£J _ 1LPP  PI  ILK?  _ 

1  88. 7  2  7 9.0  i  9C.0 


48  71.5  49  71.2 


46  91. h  46  66.1  47  ,5. a  48  71.4  49  70.9 

s/«7/i;ft? 

PI  .IEPP  KL  anp _ PI  >Et»P  PT  If  HP  PI  IEPP- 

*  94.0  4  81.6  5  94.4  6  81.4  7  94.2 

U  9h!s  18  ~  85.5  l*>  ~94.4~  20  84.0  21  95.0 


ii  96. »  32  96.2  33  95.5  34  96. 

Jj  *6.0  .  Ji_J6.ll _ 40  95.1  41  ^5.1  *2  94.5 

46  94.3  46  88.6  47  96.  3  48  71.5  49  71.0 

5727/1966 


43  oi.O  44 

IlNfc  2100 

_ PI _ LLUP _ HL. 

I  87.6  2 

a  u.i  s 

16  90.5  16 


43  87.7  44  85.9  45  85.5 

Time  2200  OAIE  5/27/1965 


A3 _ ada_ _ 39 _ 91. Q  40  KT.t  41  66.7  42  86.0 

45  85.5  46  84.0  47  88.0  46  72.0  49  71.2 


S/28/  1465 

-E-I _ l  inf _ £i _ IEMP _ El _ LEAP _ tl _ LUtf _ El _ TEHP 

1  90.8  9  SC. 4  5  91.0  6  80.7  7  90.3 


4*  88.0  43  91.0  *6  86.5  47  92.7  48  71.2  49  70.7 

I I*E  1200  LA  IE  5/28/1965  ~~ 

_ 2J  LEAK _ EJ _ mt  El _ 11AE _ EJ _ tEHP  El _ 1EAE _ EJ _ IEHE _ PT.  TEMP  - 

1  92.0  2  79.6  1  89.8  4  79.0  5  92.0  6  81.0  7  91.5 

- 8 - 7-4*2 - 9 - 11*3 - LO  25*6 _ LI _ 91.9 _ 12 _ 11*A _ L3 _ 92.0 _ L4 _ 21*5- 

.>  92.6  16  85.3  17  94.0  18  84.3  19  92.5  20  82.6  21  92-5 


29  0.  JO  C.  31  93.2  32  93.0  33  92.6  34  94.6  35  94.8 

_ 16 — 94*8 - ii _ 7  1*4 _ la _ 94. Q _ 19 — 94*0 _ 40 — 92*5 - 4J - 92.6 - 42 _ 93*2  - 

43  93.0  44  88.8  45  92.2  46  87.1  47  94.0  48  72.0  49  10.0 

1 1  HE  1300  LA  I E  5/28/1965 


43  5'. 8  44  89.5  45  91. 0  46  87.6  47  94,5  48  71.2  49  70.7 

77*i  1400  £777  5/28/i96s 

_£1 - LttUf - EJ _ UHE _ EJ  imp _ EJ _ LEAP _ EJ _ LEAP _ EJ _ IEAP _ PI  IEAP  - 

1  93.  1  2  79.8  1  91.1  4  80.5  5  93.5  6  81.1  7  93.0 


41  94.2  44  *i.O  48  91.5  46  88.1  47  95.1  48  71.5  49  70.6 

I  IN?  1500  7*77  5/28/1965 


29  0.  JC  C.  31  95.0  32  94.8  13  94.2  34  96.5  35  96.2 

.—36— 9fc*Z _ UL  15*fl _ 18 _ 95.8 _ 19 _ 94.8  4fl _ 94*2 _ 4J _ 94.2-  42  94.9_. 

41  94.3  44  10.0  43  41.5  46  88.0  47  95.1  48  71.1  69  70.5 

iTit  1600-  LA It  5/28/1965 


»V.*J  16  84.1  19  94.3  *  0  80.0  21  95.0 

it. 3  21  J/2.L  *0  aO.0  2 1..  44-0 _ 28--ai*5  - 

94.1  12  94.1  11  91. J  14  96.0  33  96.0 

92*0  J9  93. t  4U  .3i.ii  .  41  93.3  42  44.0 

92./  4b  a  7 . 8  <1  7  94.4  <.8  71.0  4  .  70.2 


LA  If  5/28/1965 

P.E  UUP  El  I  LAP  PI_  UJlP.  pi  1LA. 

.  79.3  1  9../  4  80.1  5  93. 

_ 3  -xl*i  J.U  /3*5  il  32.  J.  *2-23*. 

lb  >4.3  II  43. b  18  84. C  »9  94. 


41  91.9 

1  me  2ouo 

— El —  -LEAP _ 

1  69.3 


2-  0.  10  b.  31  86.2  12  90. C  31  89.6  34  9C. 1  35  91.7 

36.  3,.2 - 11 _ _ lH  91.3 _ 14_  31*6 _ 40.  67.4 _ 33 _ ai.2  42  88. S 

43  68. 0  44  83.6  43  86.0  46  84.3  47  89.0  48  70.7  49  70.2 

line  2200  £777  5/28/1565 


41  44.2  44  IC.O  4b  93.O  46  88. C  47  94.7  48  71.0  49  70.3 


41  87.2  44  85.0  45  83.1  46  84.0  47  87.8  46 


IlNt  2U0  U»U  5/28/  1465 


UHE  500  0*1  E  5/29/1965 


5/3  •,/l'.63 

~B1  li-CB.-  £J_  ILTJ>  Pi  _lfcPi»_ 

)  1I.U  4  7  9.fi  3  M.f 


IIHE  i 700  Lilt  5/30/1965 

_EJ UJUt - £1 1 1  HP  HI  IIEP _ El liJU* _ EJL  -  Jim* _ £J mifc _ EX..  UAH 

i  42.5  2  i>0  .  J  3  93.0  6  BO. 7  5  93.0  6  6  1.2  7  92.5 


5/30/1565 

PI  JXEP-  _iLL  LLHH 

i  9/. 2  6  SC.4 

— L£ - _ u _ ai.o 

1/  9%. 5  16  46.6 


3L  t.  31  92.9  32  93.0  33  92.7  36  95. 0  33  95.9 

ii. —i a _ u _ i£l.c _ is _ a&Jji _ in _ sz-i _ ii _ 92.0 _ i^ _ aa«Q„ 

•.6  <18.7  «ti  92.1  *»6  87.0  67  93.  3  46  7C.2  69  70.0 


63  65. «  46  66.0  65  96.1  66  62.9  67  66.1  68  70.8  69  70.2 


IINE  2600  CAIE  5/30/1965 


1  86.0  2  77.6  3  95.0  6  78.0  5  86.0  6  78.7  7  83.5 


5/31/1969 

_£1_  LLHP  .  I'l _ IfcKB 

1  81.2  6  76.9 


63  96.6  66  63.5  65  92.9  66  92.1  67  85.0  68  71.1  69  70.0 


48  69.9  49  69.1 


HUE  VOO  OAU  5/31/1965 


1  63.4  2  77.4  3  94.0  4  77.6  5  85.5  6  78.5  7  82.8 


15  89.0  16  82.9  17  99.5  19  83.0  19  88.8  20  82.0  21  89.5 


29  0.  30  0.  31  84.0  32  85.0  33  85.0  34  87. 4  >5  89.5 


1  84.2  4  77.7  3  83. 0  6  77.9  7  81.0 

— lc --LZ—Zi^-i,  — n.  .23.0.  _.ii 

17  8d . 3  16  62.6  19  67. d  2G  bl.O  21  88. 0 

_ 73.1  .  26 _ _ 28.9 

31  84.7  32  85.1  13  85.1  34  87.4  33  64.2 


43  83.8  44  82.9  45  82.0  4*  81.8  47  86.2  48  70.5  49  *9.8 


43  1,4.5  44  .Jl.o  43  0  3.  1  46  62.1  47  83.3 


HUE  200  08IE  5/31/1965 


1  82.5  2  77.1  3  83.6  4  77*6  5  86.0  6  77.6  7  82.0 


IlMt  BOO  tAlt  5/31/1463 

PI  -  1U1/-  _^1  HL  .  ILPP _ Pi  _u.rp _ El _ LLKP^_  EL__.LLEE.__Pi__ltPP 

1  66.4  2  77.9  3  86.4  4  78.4  3  d6.u  6  77.6  7  86. C 


43  93.0  44  92.1  45  81.2  46  91.0  47  93.7  49  70.0  49  69.6 


2U. — uJL*.o.^ 110.0  __  L\ ££»4_ 

29  O.  JO  C.  31  07.J 

~io_ ..ji.u _ a .  io.o 


IINE  100  0*rt  5/31/1965 


1  82.0  2  76.3  i  93.0  4  76.9  5  84.0  6  77.6  7  ft. 


ll*[  9VU 

El  ItMF 
1  6-3.0 


3  /  3 1  /  l'»65 

P-I  uw 
}  66.0 
10  70.3 

17  4C.3 


PI-  LttUl- 

1  »2.U 

A—  14*  *. 


o.2  4?  91.  * 

It  3/31/1165 


20  83.4  21  92.0 

_ 22-  -32*2 _ 2h—  1U*S- 

34  94.0  1)  94.2 


•>2.U  4»  49.1  49  49.2 


11*1  18j.f 

PI  ILtVP 
1  92.  J 

a  /4.J 


PI  lift*  PI  It ZV 


32  2  3.1  33  93. v  34  95.2  )s  94.4 

J9  45>.2  HQ.  •ii.Z-  41  22*4--  Hi  -92.fr 

46  >3/.0  47  93.  3  48  M.o  49  10.6 


«  16 

83.1  17  88.0  18  82.2  19 

87.0 

20  81.0 

21  87.0 

30 

C.  31  83.0  32  84.0  33 

84. C 

34  86.6 

33  89.0 

4  44 

82.1  43  8C.9  *6  81. C  47 

83.3 

48  71.3 

49  70.3 

PI  ItPP  Pi  IlPP 

3  dS.S  4  78.3 

1-  .  it*fl.  It  at.  3 


11  89.3  32  86.3 

la  9.L .1  .19  90.  7 

46  83.2  46  62.4 


Pi  ItKP  PI  ItP.P 

6  79.0  /  64.0 

U--I9.2-  JA  14.3 

2C  82.7  21  90.0 

iif  -r. 


34  98.1  34  90.2 

_4i.-JU.fl _ 4*  «Ll.i 

48  72.0  4  v  ll.O 


I l*E  600 
.  -PI  J£J1£_  - 
l  83.0 

_ a _ IS. a _ 

IS  08. u 


67  I/IS65 
PI  _.L£J1P  - 
3  8  3.2 

.  IQ  ._74*ft  _ 
1/  88.0 


Pi  ILKP  -  PI _ UUP. _ PI  ItKP— 

S  84.0  6  77. S  J  82.0 


19  86.a  20  8C . 8  21  87.3 


33  84. S  34  86. 

_4fl _ Ul*J - 4J _ LUO _ 42 _ fl  1*1 

47  d4. 1  48  71.1  49  70.1 


86. 0  4  7d  . 6 

IS. a  LL  ac.c 

84.-  18  83.7 

1 4.:  2i  Z9*s_ 


pi  urp  pi  tir.p 


17  84.4  18  83.4 

it  it. a  23  i.J*i__ 

3  1  8  3.H  32  84.9 

Id  *9.1  14  *9.2 

46  61.1  46  81.1 

6  /  i  /  r-  *  6 

PI  ItW*  PI  IU1P 

3  83.1  4  77.1 

iu  74.9  11  /a.fl 

If  88. c  18  82.1 


PL  U.PP 
S  84.6 
12  11.  <- 
19  87.6 


ui  ia*a_  i4_  13.3 

2C  H/.O  21  69.0 

21.  iUB.  Za  li.9 


20  81.7  21  86. S 

_2Z—  a.4.2  -  -2a_-ia*i_ 

34  87.4  IS  so .0 

48  71. S  49  70*8 


PI _ ILP.P _ PI  .  Itgf 

6  77.6  7  81.* 

-U—  fa*  i-  -14  i4.i 

2C  81.0  21  68.0 


H*E  800 
PI  JLKP_. 
1  86.0 


6/  1 /  l  46  S 

PI  HUP 

»  86.0 


6/  1/U6S 
PI  I  LHP 
I  8  7.8 
U  II. c 
17  9  r .  c 


S  83.0  6  78.0  7  82.8 

-  U  -14*2. _ 13 _ 79*3 _ l4_-I4*A- 

19  87.0  20  81.3  21  88.0 

-  2  ft—  li*J_.  -21  A4.3  _  2*  afl.fl  .  _ 

33  83.2  34  87.9  33  89.8 

— 41 — fli*o - 41 &2.4 - 42 ai.fl 

4?  83.7  48  70.9  44  70.1 


14  88.0  20  82.)  21  68.0 

2ft  -2Z*J  _2Z  — ttl*3 _ -21L  flft*l 

3 i  «7. I  34  9C.0  33  41.2 

40.  *3.1  41  * 3.-1  42  asu 

47  87. S  48  7C.9  4s  70.1 


PI-  IJJ1P  PI  ILPP  .PI.  ItHP 

S  88.0  6  74.2  »  87.0 

12  lit. 2  II  06. Q  1 4  I3.I 

19  89. c  .0  82.3  ..  39.3 


PI  TEMP  PI  TEMP  PI  TEMP  PI  TEMP  PT  TEMP  PT  TEMP  PT  TEMP 

_ i _ _ 2 _ dtui _ i _ _ 4 _ ai.s _ a _ a _ &  iu _ i _ Si*a_ 

0  00.1  9  92.0  10  81.0  11  92.0  12  78.1  13  93.0  14  7T.9 

_LS> _ 92.  n  Lh  A2. 4  IT  9?.0  IP  PI.?  19  93.0  20  81.5 _ 11 _ 92.0 

22  79.6  23  95.0  24  82.5  25  92.8  26  80.4  27  94.0  28  93.8 


PT  TEMP  PT  TEMP  PT  TEMP  PT  TEMP  PT  TEMP  PT  TEMP  PT  TEMP 

_ x — ta*a _ 2 _ uu2 _ i _ _ a _ ao.2 _ s  «i-o _ t>  bc.t _ 7  as. 5 

8  78.2  9  88.0  10  77.7  11  87.0  12  76.6  13  85.0  14  75.5 

~u> — 'ia.a  it uuz _ u 89.Q _ la ?a.a  la aa.s.  i n 74.0  21 aa.Q 

22  78.8  2)  08.0  24  79.0  25  86.2  2b  11.0  27  90. 0  28  89.0 


22  78.5  23  86.0  24  79.4  25  82.0  26  76.5  27  87.0  28  80.5 


22  75.6  23  83.0  24  77.0  25  77.0  26  74.0  27  84.7  28  79.1 


*v  y  w  .w  xr  sm  z&z  ax 


pr  hup  Ft  tepp  Ft  reup  pt  repp  p  i  repp  pr  tepp 


pi  itpp  pi  r  l  hp  pi  rtnp  pr  tehp  pi  tepp  pt  repp  pr  tcpp 


Vi  Lb, l  >»%  j»v.i  _ 66  £ 


39  87. C  VO  85.5 


lu  75.9  11  8J.5  |7  76.9  13  76.8  16  7J.3 

LI.  41^0  _  Aft  ttO.Q  It  6T.il  20-  T9. 5  11  tL.O 

26  lb. I  25  77.9  26  76,0  2?  87.5  2o  «7.0 


8  60.7  '*  it 

_ U» _ xua _ 16_  .i 

22  HI. 7  Li  11.0 

~ja — tt*u-  j« 

»b  92. b  >7  *7.7 


2V  81.5  25  88.3  26  78.0  27  9J.1 

31  12,9  12  M..B  i3-  JJ*JL _ 15  92,6  . 

36  92.6  39  92.8  90  91.9  61  91.2 


rv.  w  Tft  «v  »v  >.vr  .w  «  sax 


If**P  vf  te«p  PI  Ifpp  pi  t£MP  PI  IfcPP 

hfc  -  C _ A  m  .6 _ S  m-f.  ft  7C.  1 _ 1  M4  -S 

76.7  11  85. C  u  16 .L  13  8C.C  14  14.2 


IEpP  PI  ICPP  FT  ItPP 


j<i«J  _Ji-.JL/.5 
»C.5  4*;  a  1.1 

7J.C _ h±.-U^l 


4  7  7.3  ...1* 

11  i?.C  12  76.6  11  77.0 
J.B  nC.L.  J.5L  _  2t.  _7iU. 


A'j  ti-a  tUA 


^6 _ L  1 — - Ut. .  - IS  H6...L 

.0  2-.  76.4  25  76.2  26  72.4 

-  -  11  d-i.C_  J2  -U4*J - 13 — a5.2 

•o  Jt,  et.s  19  87.0  4C  80.8 


27  83. B  28  79.0 


41  DC. 7  4«!  81.2 


TIME  U00  UATE  6/14/1965 

PI  TEMP  PT  TEMP  PI  TEW  PI  UUP  PT  ICHP  PI  TEMP  PI  UWP 

1  91.0  2  79.#"  J  91.0  *  8375““  5  o27o  6  80.9  T  90.0 

8  78.4  4  90.0  10  78.0  11  90.5 _ 12  78,9  13  90.0  14  76.6 

re  9in  re  rtj  n  rt?  ri  rtj  19  iz.o  n  m  n  oi.o 

22  83.2  23  9  J  .0  24  81.8  25  92.0  26  79.1  27  92.0  28  89.1 

29“  0.  30  0.  31  92.6  12'  92.6  ‘  H  ~0I7T  H  02.8  15  01.6  ' 

36  96.1  J7  43.1  38  93.5  39  93.5  40  91.6  41  91.1  42  91. 1 

“43“  9271 - 44  8879  45  91.6  46  "1775— 47 — 57 - 4*  TJ.5 - 40  72.5' 


MM£  1700  OAfE  6/14/ 1965 

PI  TfcMP  PI  TEMP  PT  T EHP  P7  TEMP  PT  TEMP 

1  *2.0  2  80.  T  "  3  0274  4  80.5  5  93.5 

8  79.6  9  91.5  10  79.2  11  92.0  12  80.0 

re  oi.o — re-  4575 — n  or. 5 — rr~'#rr — to  tu 

22  86.1  23  91.0  24  79.1  25  92.0  26  86.0 

“20  67  JO  0.  51  9T.4  J2  93.4 - 13  9 1.0  ” 

36  94.4  37  94.0  38  94.6  39  95.0  40  92.4 

43  92“. 8~44  flO.T  SI  9 1 .9  46  17. 1  47  IT. 


PI  TEMP  PI  (MIL  .H  tEPP  PI  IEMP  _PT  TEMP  PI  UHP  PI  UHP 


i ~ 92.0 ”  2  80.2  ‘  3  92.0  *  M.i  T  927T"  6  80.8  r  M.l  " 

_B _ 79«_3  9  91.5  10  79.0  II  92.0  12  80. 2  13  91.9  14  76.8 

15  93.0  16  il.j  If  03.5  ri  I5.T  if  05.5  75  RH1  II  04 .0 

*  23  94.0  24  82.0  25  *1.8  26  W.O  “  " 


36  94.0  3  7  93.9  38  94.1  39  94.4  40  91.1  41  92.9  42  92.8 


PI  TEMP  PT  TEMP 


i  “89.T  40  02.0  4*  87.5 

“  OATT  6/14/ i065  ' 


TEMP  PT  TEMP  PI 


P?  TEMP  PI  UHP 


8  79.7  9  92.0  10  79.1  11  92.5  12 

“IT “9375“  ii  84.5  ”1?  04.6"  ro  “8875  IT 
22  84.0  23  95.0  24  82.1  25  93.7  26 

'29  0.  T5  0.  5T  0074  32  90.4  JT 


36  95.0  37  94.8  38  95.0  39  05.1 


12  80.0  11  02.5  14  77.3 


80.0  27  01.6  28  00.7 

"0170 - J4  04.0 - Sf  *4.9 

01.0  41  01.4  42  03.4 


PI  IEMP  PI  IEMP 

1  91.8  2  80.3 

_  8  79.4  9  91.0 

15  93-6  16  85.6 

22  84.6  23  89.0 


riwc  i960  nom — 

Pf  IEMP  / 1  JfcAP 


i  vi. u  < 

8  82.1  9  89.5 

15  “91.5  U  81.9 

22 _ #4.5^  23^  88.0 

"20  6.  JO  S'. 

36  92.9  37  91.5 


PI  IEMP  PI  IEMP  PI  IEMP 

3  92.6  4  6675 - TTJ.r 

10  79.1  11  91.0  12  79.6 

17  ”91.5  18  85  .T - H — 91.1 

24  76.0  25  89.3  26  71.0 


6/14/1465  - 

PI  TEMP  Pt  IEMP  Pt  IEMP 


J  vi. « 

10  82.8  II  90.5  12  83.5 

IT  92.0  18  05.4  14  ~9I7ir“ 

24  80.8  25  78.8  26  74.0 

TT  42.1  “17  92.8  IT  5275 

38  91.9  39  93.0  40  88.5 


V . i,i  »>»  ut 


S  „ 
%  :<: 
v  ,s 
fj  & 


APPENDIX  C 


CONFIGURATION  NO  __UL. 

TEST  NO.  i  Sk*  -r  utpooM j 

VENTILATION  RATE  lLl^S^occ 
AVO.  SHELTER  E.T.«3^° 

AVG.  E.T.  OF  ROOM  I  *3  3 
2  flQ> 

3  *a3 

4  !L1 

:  -Jp  -V  *°*  -  -*i-7  *-V-  •*,*  *4* 

:  I  ROOM  4 

*  b _ *0.6  4^.6  *0^1  -3^1  -CL8 


I  -0.1  -0.1  -O.b  41.3 


A  is 
»s 

r*<  *> 

S 

| 

™  z? 
£  ;•:■ 
V  S* 


a  fi 

Sj  K 

1  to 


Effective  Temperature 
Distribution 


0 _ *0^1  *0^4 _ -q.6  -Oil  -2 .1  -2#3 

1R00M  2 

♦  1.1  40U  -0.4  -H3 


:  40ta  _ °  _ >Qr3  -0t4 _ ^_1  [_3 _ 

;  room  s  rj 

I _ £  *0. 4  +iri  4fr  a  4-0 .9  40^9 _ -1  ,T_ 

i  j  I 

!  *>t 

*  -OtS  -0,4  -0.3 _  Taken  40.3  40^1  +0^3 


I  1*014  40  Ja  40.8  -0.3  -0L3  4p.3  -ola 


Coal  tfuratlon  *" 
tmj  * 


’  ROOM  I  ' 

_ >  40js  -o,^  -ya  4oji  +0^2  -0  9 

j4i  to _ ■•l.o  -o.fr  -q.a _ 40  1  40 Ji  4p  1 

J _  ,-l— j  I  ,  ~L 

2'  4'  4  4'  4‘  4'  4'  2' 

4  m  t  Pius  C*  M.MUS  VALUE*  SHO*«  »»€  RU»tiVl  TO 
ABSOLUTE  MAGMITUOE  0*  THE  AVO.  E  T.  fO»  EACH  *  0  08 


f,  V*, 

0.7  »  - 

$  * 


A  mN 


:<  •>. 
.  *  A, 
,*>.  A 


CONFIGURATION  NO  _ l~* 

TEST  NO.  1  (Ma»1wu»  S baiter  Seeponee) 
VENTILATION  RATE  13  a  cflt/QCC 

AVG.  SHELTER  E.X.j£ _ 

AVG.  E.T.  OF  ROOM  I  -87.3 

2  -87-7 

3  _ 

4  9i -a 


;  I  |  ROOM  4  I 

i  I 9 _  40 k  1  40»1  I  *1.2  4<j.9  -0,3 


_  i  4041 _ ±0^. _  4f.3  41^,9  4lt3 


CONFIGURATION  NO.  _ J-» 

TEST  NO.  _i _ 

VENTILATION  RATE  ,13.2?  ctm/occ 
AVG.  SHELTER  E.T,.  «a<!_ 

AVG.  E.T.  OF  ROOM  I  _aa^4_  _ 

2  81.1 

3  88-3 

4  _ASL1 — ! 


-0 

— l — r~ 

,3  -oji _ 9 

7" — i — ■  ‘ 

“ 

' 

ROOM  4 

T - t - *- 

1 

_ _q l _ tM _ 

♦1^,4  40l9  -2.^ 

-0 

fi- 

♦0^  40. ^  _  4 1,9  4l|l  40^ 


H 


*  -  1  -  *  -V _ -tii _ 1:1 _ l£|7 

:  ROOM  2 

;  -  t-  -V-  --1-T  -V 

‘  room  3  rn 

:  4  _i  f>  -y  *c  i  *°;1 


Fr1  -  t  I  3  -  ~^3- 


-°t-«  - 1. 

♦0|3  40.^  jL04_ 


-o,i  -oia  -l 


■  1  room  3  rn 

«  -oji  40J  _407j _ *0.9 


1-0 J7  -0.1  -0.1  1 41,4  -0J4  -0. 


^ — T- 

ROOM  2 

o  -l.p 

-i, 

- - 

— *4- 

-i. 

-o, 

V  s. 
-  * 


Coef lfUTAtlOD  Z 
*•7  * 


-0.1  -8.4  -LJ.  5  4 1 1 0 


ROOM  I 

-0.1  -9.9  -i'.l  40,7 


Conf ljurmt Ion 

Key,  l-N 


5  I*0j4  4 1 . 4  40.^  40ra  40^3 

*  I  ,  ROOM  I 


CONFIGURATION  NO  _  fc! 

TEST  NO.  _ 3 

VENTILATION  RATE  13  J  cfa/occ 
AVG.  SHELTER  F  T  >5,3° 

AVG.  £.T.  OF  ROOK!  I  »»  » 

2  SJ 

3  17.4 _ 

4  JL1  „ 


CONFIGURATION  NO  h* 

TEST  NO.  « 

VENTILATION  RATE  Hif  e‘«/»ce 
AVG.  SMELTER  E.  T.  “•>* 

AVG.  E.T.  OF  ROOM  I 

2 ,  m ... 

3  _EJ_. 


;  I  |  ROOM  4  '  I  |  14 

:  -o-i _ l*v» _ ♦»!«  -1® 


4  a»-a 

ll  TO.  1  *0. 

n 

♦i-i  +iia  -0. 

* 

a  -0 

r 

ROOM  4  1 

— 

-«J  -4.4  - 

•V"  -ll  i-  7«ll 

s — 

.a 

_ £  -o.^ _ +a.a  +oja  -o.p  -o^7 


7  1-iU  -Q-,4  -o.f  ♦Q.a  -oLt  -oji  -iU 


-lio  -1.1  -11 2 


f 2 

-o.a  -o  a  -o.|a  -ole 


"  I  !  ROOM  3  pi 

:  k»  -•*+  -H 


L4  4-oja  -OJ  -pig 


~l  -O  4 +?.l 

“  ROOM  a  I  1 

;  .-I*  .W 


ROOM  2 

V? _ ri° _ 


I  +0.3  -Oj3  ♦O.ll  -Ojg 


|  +0.4  >014  -Oja  -0J4 


|-o<s +o .  •  -&.i  l*o.i  +oJa 


*  I -oja  +o.a  »o.4  ->  1  -ala  ♦aj 


a  l»°i*  +0.»  *0.8  »Oll  aOiS  40.4 


Coo figuration  2 
br  * 


CoaflfuntlOB  ’ 

Koy  * 


*N(  »LUl  C»  NlNu  J  VALUES  SHORN  *»t  R  E  L  A  .  I V  E  TO 

»«0luU  magnitude  n®  the  avfc.  t.r.  roa  each  noon 


the  plus  c»  minus  values  shoun  mc  relative  t 
AiSOLUTt  MACNITUDE  nf  THE  *VU.  E.T.  fOR  C*CH  ROOM 


CONFIGURATION  NO  l-» 

TEST  HO.  _ 

VENTILATION  RATE  17  91  cf*/occ 
AVG.  SMELTER  E.T.*7,*0 
AVG.  E.T.  OF  ROOM  I  M.7 

2  J2J — 

3  ao  -a 

4JL5 _ 


CONFIGURATION  NO  _>  » 

TEST  NO.  -  g 

VENTILATION  RATE  17-8  cf/occ 
AVG.  SHELTER  E.T  M*i° 

AVG.  E.T.  OF  ROOM  I  H,3 


T~TT 

r  — 

♦Ow«  *1 

0  +0.^  *0, 

a 

T  < 

ROOM  4 

♦  113  *0 

1 

•-.-54 - :+ 

0 _ 

.3  >0 

~ 

r 

ROOK 

^ - 

4 

— 

TT"i 


?  L*i? _ 4  _ -°»7  H>Ig _ ^ 


La  4-0^4  +0^1  _ 


-oifl  -o.a  _ -0^3 


-0.3  -OLO  -Oa7 


j  ROOM  2 

-oj.1  _  *»i  1^1  -0, 3  -0.4  -0J3 


ROOM  2 

-0.3  -<|  .3  -0i7  -1 


“  |  R00M  5  □  II 

*  ♦013  +0^  ♦TTP  +0.1  -0i3  *0.8  -0,1 


:  byii-  "°i 


ROOM  3 
»  ♦<>  i  a 


♦Q.a  -Oj.3  -015 


0 1  *0.5  I  *0.3  -oil  -0:3  -ol 


I 

I 


Cosf  ifurattoa  "  I  I 

«•»  *  I  [ 


a  *0.1  »0.^  ♦Of#  »o  ja 

*  f  i  ROOM  l 


Configuration  ’ 


CONFIGURATION  NO  -1-g 
TEST  NO.  a 

VENTILATION  RATE  -13*  cWocc 

AVG.  SHELTER  FT  - 

AVG.  E.T.  OF  ROOM  I  - 

2 _ 

3  11.4 _ 

4  .fid.. 


I  ROOM  4 
tU  -0JV  *0.2 


CONFIGURATION  NO-  ^ 

TEST  NO.  a 

VENTILATION  RATE  17-91  cf*/occ 
AVO.  SHELTER  FT.J3J0 
AVG.  E.T.  OF  ROOM  I  Jjj 

2  JLL 

3  AS.0 


¥  I  -0L4  -0.8  -0-5 


‘  | ROOM  3  Q 

«  ♦Oja  _+0j  5  »o L6 

!['  ' 

2  -o|i  +o.«  ♦o.e 


CoBflg-vratloa  «- 

t*7  * 


I* 

0  -0.1 

*0 

ROOM 
.1  +0 

4  ! 

2*  *0(.2* 

>  -0, 

4  -Oj.6* 

r  7  , 

L»*  -o 

7  J.T* 

*0 

.1  -Oj 

1*  Jr7* 

♦0 

ROOM 
.2  +0. 

f 

*0 

.1  *0. 

2  +0.2 

*0 

.6  +0, 

7  -0.1* 

ROOM  2 


9  I  *0.0  +0L2  *0 j4  *ol; 


ROOM  I 


THC  PLUS  0*  MINUS  VALUES  1"0«N  ARE  RELATIVE  TO 
ABSOLUTE  MAGNITUDE  OF  TmC  AVO.  E.T.  FOR  EACH  ROOM. 


CONFIGURATION  NO  -±z 1  - 
TEST  NO.  a 

VENTILATION  RATE  19 ctWoec 
AVG.  SHELTER  E.T.  Shll 
AVG.  E.T.  OF  ROOM  I 

2  79.7 

3  92.2 

4  92.3 

r  .1  i 

-0.1  j»0.^l  *0}6  O  *016  -0.1 

[  ROOM  ^4  # 

-0.3  -0.6*  *0.6  *0.8*  *0,2  -2.7* 


-0^1  £  -0,6  *ly2  *0^4  *0.7 


*  _f  -0.7*  -0,2  *0.,  9  *0i6  -l.j»  ^0 

>  I  ROOM  2 

^  -0,8*  -0.^ _ -0^7*  +0^.6*  *013*  *0.1  -0  1 

’  ROOM  3  Q  I 

l  -0^4  *0.jS*  *0j6  *lr0*  *0j3  *0  ,f*  -0,7 


«  I*0!7  *0 -P  +1.0 _ I  *  J.6  +0J2  -0.6 


the  plus  or  minus  values  shorn  are  relative  to 
ABSOLUTE  MAGNITUDE  OF  THE  AVb.  E.T.  FOR  EACH  ROOM. 


CONFIGURATION  NO.  »r» 

TEST  NO.  .  »» 

VENTILATION  RATE  ILAaIw-oc. 

AVG.  SMELTER  E.T-M.F* 

AVG.  E.T.  OF  ROOM  I  —.1 

2  -■»».» 

3 

4  wi.a 

"T - T  I  i  J  .  I 

►  +4  .3 *0  _7_ ♦<  .1 -|.l  *4  .6  -0j3 

5  ROOM  4  |  j  j 

*  -!■»•  .0|>  -q.l*  *9  ■<*  *4»  -1«* 


0.2  *0.2  -0.1 


_ - 


:  j  I  ROOM  2 

:  _-V*.  - 

;  '  ROOM  3  □  I 

*  ♦y  .♦£.•* _ *Cj’4  *0.4*  -0  1  »Q^»*  -0 

*  •  *  • 

2  *°}a  i  *0.8  -o.i  *q  i  -o ia  -o 


Configuration  i 

«*7  “ 

* 


1+0,0  __  *0.j>  -0,2  *0^.2  -1|2  *0.0 

ROOM  I 

*0,2*  *0.6  -0,1  -0.6*  *0.'l  *0.4* 


_=°4? - ^  -Oi» 


Co»f LfwrttlQB 

9*7 


i  _ 4 


I  ROOM  I 


5 


CONFIGURATION  NO  >-» 

TEST  NO.  it 

VENTILATION  RATE  ”•»  «**'«« 

AVO.  SHELTER  F  T  M.»° 

AVO.  E.T.  OF  ROOM  I 

3  JU_. 

4  M.T  . 

""i1  ■  r  n  ■■■"1 . .  i  T- 

C  «A.l*  «4JI  *4  j*  «|.»  XI  1 _ -1^«*  -0  4 

;  ROOM  4  ! 


CONFIGURATION  NO.  !j 
TEST  NO.  »4 

VENTILATION  RATE  »•»  Si*/.cc 
AVG.  SHELTER  E.T.  «T.«° 

AVG.  E.T.  OF  ROOM  I 
2 

3JSJ-. 

_ 4  ai.7 

-a.*’  «t|  ~i!_  ^i.. 

ROOM  4  |  i 

;  *•  a  -U*  44,8  »oli  -oj*  -ila 


L  •  +0.4  -Ol#  +Q.-4  -ila 


-1,3*  +0.4  -4j7*  -0.7  -ojt*  I 


*  -4,3  -Oy>*  -4L7  ♦O.e*  <4  4  -1^1* _ 44  4 

*  I  ROOM  2 

t  •**, T*  -4.j*  -oj»*  *<V>*  ±g  j* 

‘  ROOM  3  Q 

«  *4  3  ♦ojy* _ 44^9  +4.4  40  3  43  -4  3 

r  'I 

2  44  3*  40. 1  40.3*  40.4*  -Q  1  -OJ  -4  1 


+» 

0  -1, 

41.0  40 

- T” 

ROOM  2 

8*  40.  jj  40 

.* 

■1 

40 

■■n 

ROOM 
,7*  41, 

F  n 

r* 

♦o.»*  ♦# 

a  44.7*  40 

8 

i*  4 1.0 

♦1^.0  44 

- * - 

3*  4  0.^ 

0* 

1 4#  1 3  -Oil  4413 


♦Ol3  44.7  40 Jl 


Coaflfurstlos  “ 
* 


-V 
w — 


!  ROOM  l  I 

44’«*  40. t  -oja*  -4.4  -oja*  40 ji  40  a* 


4y3*  44J1  44.1* 


TMf  FLU3  C«  MiMUt  VALUES  SHOWN  ARE  RELATIVE  TO 
ABSOLUTE  MAORI TU  Ot  04  THE  AVfc.  E.T.  POR  EACH  ROOM. 


Configuration  “ 
1*7  * 


j  ROOM  I 

1,4*  -p|.l  -0,7*  44.3  -4,1 


*ls  -q.r  -4J1  -o.fc 


c  n  4 

THE  PLUS  OR  MINUS  VALUES  SHOWN  ARE  RELATIVE  TO 
ARSOLUTC  MAORI TUOE  0»  THE  AVO.  E.T.  POR  EACH  ROOM. 


CONFIGURATION  NO.  _ w 

TEST  NO.  IT  flfrRl—  Aaiur  bspoiat) 
VENTILATION  RATE  ifl 
AVO.  SHELTER  E.T.  HaI* 

AVO.  E.T.  OF  ROOM  I  M  » 

3  »»  » 

F  *•  ) — 4** It1*  '*!**  4*1 2 

ROOM  4  I  I  4! 

«  -*l»*  X.l  -4.A  V 


CONFIGURATION  NO  »-» 

TEST  NO.  « 

VENTILATION  RATE  _i 
AVG.  SHELTER  E-T  *»»° 

AVG.  E.T.  OF  ROOM  I  »<  » 

2  ,l° 

3  _»■«_. 

4  ILI 


±a.«  J  ° _ -ik» _ _ -?u_ 


l.«  -Tin  -J.0  -iLa 


?  _ J _ .-»»*  4**  ** 

*P- - —  -4 

0 *-=*?-  - — 

ROOM  2 

-  ^ 

room  3  □  ; 

•*  *2ii  _  *&i!_  _ sa  .j*-  v>ji _ ±x  il 


t  1  I  .  '  | 

$!  ^4.4 _ -4,3  -4.3  -1.3  -M  44J3  -1,3 

i  4 - - - +-■  '  v 

*  _^5 .4  -Oji  -11.4  4|.4  41 .7  4l|8  41  ,3 

H  ROOM  2  4‘ 

:  «■»  4 

:  room  s  n  |  4’ 

«  4l  [3  soli  *5.4  *3.4  »U7  4l«8  ♦!  • 


3*  40,3  j  4O.8*  44U  44^7*  44U 


i7 _ 40J5  41,0  |  44.3  4lj4  4lj»  4llt 


>|«  44  Jl  -4.3  -1.5  *0U  -0,3  4ll 


Conf  L*WAtto«r 

KMJ  * 


Coaf  ifUTAtiOD~ 


CONFIGURATION  NO 
TEST  NO.  -M  _ 
VENTILATION  RATE 
AVG.  SHELTER  E.T. 


10. &  ctfc/occ 

A3.l° 


CONFIGURATION  NO.  -  »-»— 
TEST  NO.  40_ 

VENTILATION  RATE  ISL&sia/occ 
AVG.  SHELTER  E. 


AVG.  E.T. 


AVG.  E.T.  OF 


ROOM  (  11*5. 

2  HJl 

3 

4 


CONFIGURATION  NO  2~p 
TEST  NO.  _4l  _ 

VENTILATION  RATE  iOis_£{«/occ 

AVG.  SHELTER  E.T.aAJ? _ 

AVG.  E.T.  OF  ROOM  I  J8J_ 
2  .  IS.fl 


2=E_ 


CONFIGURATION  NO. 

TEST  NO.  -  00 

VENTILATION  RATE  cf«/occ 
AVG.  SHELTER  E.T.ftLg 
AVG.  E.T.  OF  ROOM  I 

2  filil 


I 


CONFIGURATION  NO  - 

TEST  HO.  _ 

VENTILATION  RATE  ».2. 


CONFIGURATION  NO.  _ H 

TEST  NO.  4< 

VENTILATION  RATE  22 -l  cf,L/occ 


AVG. 

AVG. 


SMELTER  E.T. 
E.T.  OF  ROOM  I 


AVG.  SHELTER  E.T.  67. 

AVG,  E.T.  OF  ROOM  I 

2  .  aa.7 

3  ,  M.? 
4JLL 


i 

CONFIGURATION  NO  »-»  CONFIGURATION  NO  *-* 

TEST  NO.  46  (Minimi.  Sh.lt. r  Be.po.M)  TEST  NO.  *6  (lulu.  Sh.lter  tt.«poMe) 

.  VENTILATION  RATE  »<-■>  ctm/occ  VENTILATION  RATE  ai-° 

•  AVG.  SHELTER  E.T.J0U^_  AVG.  SHELTER  F  T  - 

k  AVG.  E.T.  OF  ROOM  I  »0.3  AVO.  E.T.  OF  ROOM  I  - 


I 


CONFIGURATION  NO.  _ 

TEST  NO.  47  Otal—  88.lt"-  bwiM) 
VENTILATION  RATE  »»  cf/vcc 
AVO.  SHELTER  E.T.Jlifi!— 

AVO.  E.T.  OF  ROOM  I  84.2 _ 

2  JU _ 

j  »■» 


nr 

-0  2*  +d.» 

ROOM  4  i 

-4.3* 

+018  -1.2* 

T 

+A.y 

1 

-0.7  -0.2 

n — r 

-TS £  -*?*- 

CONFIGURATION  NO. 

TEST  NO.  17  igMi—  a**poBM) 

VENTILATION  RATE  »  ctm/ooc 
AVO.  SHELTER  E. 

AVO.  E.T.  OF  ROOM  I 
2 

3H.  . 

4  JLL 


ROOM  4  1 

»  -1JD*  .0.4 


|  |-0|«*  (1A  -lit* 


2  +4j.«  -i|»*  +ij.<  -o.a 

i room  s  n 

|  -|l‘  ♦!]«  -j.l* 


-0.2  +(LA  +0.5  +ll» 


LS  +UQ  ♦IL4 


il.a  -oia  +i.a  I  -0.5  -a.i  +0.7  +1L0 


;  ROOM  3  pi 


Co«f lyurntloiC  I 

*•7  *  I  1 


0.5  -f.2  -flj.7  +0|2 

i  ROOM  I 


Configuration  ► 

toy  * 


CONFIGURATION  NO  a-8 
TEST  NO.  47  (Mini—  Bhaltar  Kaaponaa) 
VENTILATION  RATE  a*  ci^/occ 
AVG.  SHELTER  E.T  — 

AVG.  E.T.  OF  ROOM  I  - 

2-Ta» 

3_iUL. 

~i - - TTP - 1  t“|2' 

:  V  -V 

:  ;  ROOM  4  I  4* 

:  *lix  sH1 _ ♦V—  -V3  A?  +°* _ ^kl 


THI  PLUS  CR  WINKS  VALUES  SHOWN  ARC  RELATIVE  TO 
ASSOLUTE  WAONITUOC  OF  THE  AVO.  E.T.  FOR  EACH  ROOM. 


CONFIGURATION  NO.  -  »-■> 

TEST  NO.  4i  (Minim  Bbsltar  IaiPOdn) 
VENTILATION  RATE  as  cfw/occ 
AVO.  SHELTER  FTT».3° 

AVO.  E.T.  OF  ROOM  I  T».» 

2  -Z1+1 — 

3  BP-4 

4  78.0 

;  -4  i*  -o.|i  ~  2*  -2  ,»*  .1  a _ -o.p*  .0 

;  ROOM  4  ! 

■  41  -l.p*  »i.a  -a.i  .1, 1*  »o.y  .0, 


-  1-1.2  .1.8  -1,8  .0,3  -lls  -0.3  ,0 


I  V  "v«  -[■•  y-—f- 

l  ROOM  2  4' 

:  *»■_ 

1  ROOM  J  n  4' 

2  -«t»‘  -»2J«  ?|1*  -°.3  ♦<■  ll  .1.8  .1  0* 

;  .114  -0.1*  .2^2 _ .0,2*  .0  4  *0,8*  *2  2 

;  T  I  2' 


Configuration  " 
Kay  * 


|  4—°^-  - * — *°4 

■  -%•  -atf-  -y  *° «— ■*; 

H  i  !  room  2 

;  4l_  -i^! _ ±a|s_  *y*  -Q  i  +o.j»* 

2  ROOM  s  r~i  ! 

2  -1  jo*  *0.  I  _ ?S|2*  <0-1  .2,  1*  +0.jl  +1. 

2  +oj«  *0.1*  +1,2  +0.1*  +0,7  +l.fc*  +0. 


Configuration  j? 

toy  * 


■  i  i  ; 

•  ♦?;  1  +0.  I*  +OjT  +lf4*  -2 jl  +0.p* 

*  I  I  I  ROOM  I 


i 


CONFIGURATION  NO. 

TEST  NO.  **  llfc.l—  BalUI  Kbbpoom) 
VENTILATION  RATE  M.»  ctm/occ 
AVO.  SHELTER  E  T. 

AVG.  E.T.  OF  ROOM  I  »«•<» 

2  88.8 

3  M-l 


CONFIGURATION  NO.  I-N  . 

TEST  NO.  “  aksltsi  b>pa> 

VENTILATION  RATE 

AVO.  SHELTER  E.T. ,  88.1°  . 

AVG.  E.T.  OF  ROOM  I  J£j£ _ 

2  7«.l _ 

3  .  K.t _ 

4  7«,7 


s 

CONFIGURATION  NO.  »•*  . . 

TEST  NO.  W>  (lb.1—  Btoltor  bi^u.) 
VENTILATION  RATE  »•»  ct«/<x=c 
AVG.  SHELTER  F  T  M.tt° 

AVG.  E.T.  OF  ROOM  I  «7.0 

2  ■  S8.8 


CONFIGURATION  NO. 

TEST  NO.  M  OMiBIM  SbsltBr  bqou.) 
VENTILATION  RATE  »  <=*•/<** 

AVG.  SHELTER  E.T-Z2JC— 

AVG.  E.T.  OF  ROOM  I  ».« 

2  T7.9 


Ji 


CONFIGURATION  NO.  »-» 

TEST  Si 0.  _a _ 

VENTILATION  RATE  -ZLJl-StA'»« 
AVG.  SHELTER  E.T._5U°_ 
AVG.  E.T.  OF  ROOM  I  _ 

2  gj 

3  ».3 


.1*  +1. 

4 

♦a.a*  +o 

l« 

ROOM 
.5-  -14 

4  | 

1*  *1,1 

-f= - 

a* 

M 

V  40, 

t  -»Lo* 

♦^.4  -Oj 

’—14 

CONFIGURATION  NO.  -1J _ 

TEST  NO.  _H _ 

VENTILATION  RATE  Hi  °<*/*c0 
AVG.  SHELTER  E.T. 

AVG.  E.T.  OF  ROOM  I  -Hi 1— 

Z  H.O 
3  m 


III  ♦l.*4  -3.0 _ 7  »  -0ql  -Oj» 


UJ  i  ROOM  2 

•  ->  s* _ *>i«  I  ill*  +*  i _ -ti' 


UROOM  3  n 
.*  Tii  _y»i 


:  |  I  i  «* 

2  -O.r*  +li#  *<>(.1*  40  4  -0.il*  -0  I _ 

5  “T  I  I  I  2' 


S  ♦•a _ J _ *CA*  -lia  ♦a. I* _ i _  z 

“T  *  ROOM  I  4‘ 


Co>flf«r*ti«a 

bf 


-4 

.1*  1  44  . 

1 

- T - - 

ROOM  4 

-Oil*  4C . 

-4 

.»*  i 

•rt. 

-4 

.7*  -4 

•  -l. 

-4 

J  -1 

»*  * 

♦4 

ROOM 

y4*  *0, 

3  □ 

+4 

,§  41 

a4  44 

♦4 

>•  *• 

»• 

|  4.0*  -4» 


.»•  «4.>*  -ot«  «•!«*  --*7 


ROOM  2 


( .»*  -o|i  *0  4* _ ♦«  l_ 

ROOM  I 


TMK  PLUS  01  MINUS  VA  LUC  S  IMOWM  *NE  NCLATlVt  TO 
ABSOLUTE  MA0NITUOC  OP  TH«  AVQ.  t.T.  PON  t*CN  NOOM. 


CONFIGURATION  NO  J-» 

TEST  NO.  -  M _ (iMlm  Stelti/  bipooM) 

VENTILATION  RATE  cfy/occ 
AVG.  SHELTER  FT  M.»° 

AVG.  E.T.  OF  ROOM  I  A*-3 

2  .  «a.i 

3  ««■» 

4  m 


♦L«  -sj«  «1.l  I  ♦♦■«  H.«  -I,* 


ROOM  4  |  I  I 

1  ■«*  *0|»  ~4.t*  |  »^.»  -^.a"  -ou 


-}.»*  -G.a  -oia* 


.«  ♦«!« 

ROOM  2 


CONFIGURATION  NO.  >-» 

TEST  NO.  _U _ 

VENTILATION  RATE  ».P 
AVG.  SHELTER  FT  ««.»» 
AVG.  E.T.  OF  ROOM  I  ««.T 

ZJU_ 

3  «*■* 

4  »».» 


|-o|t*  +i.|>  -«U*  |4*‘  ♦il»  -».f*  ♦*] 


;  I  ROOM  4  I 

:  kjLhj _ a1*  Li1  J 


\  t  ■  T  A 

*  -jt.*  «1.|  -4  4*  Al  J  1*  «ljl  -I 


|  I  1  R°0M  2 

l*iU  -aji'  I  -I.#*  *iU  -o.|a*  *i 


;  ROOM  3  pi  ! 

:  «8 !*-«»>  -3t»*  -4»-  -l  »*  ihl _ S 

i  \\ 

Z  m _ »*  ♦!.»  -<l.»*  *a  * _ -L  _ i* 


|  *i» _ -o, i* _ .ia _ -i V  jla  ->j«*  — 

Co.flfw.tl..  “  ] 

**’'  *  ROOM  I 


I 


CON  FIGURATION  NO  3-» 

TEST  NO.  M  (me law  SlMltar  t«apoBM) 
VENTILATION  RATE  J»i3i  ctm/oce 
AVG.  SHELTER  E.T.  Tft.7° 

AVG.  E.T.  OF  ROOM  I  M,2 

2  80-9 

3  77-3 

4  78.9 

P - 1 - - P - - !  1 

f  T 

|  ROOM  4  !  I  i 

-Q,  3  3  0,4*  -0.3  -0.3  -q.4*  -0 . 2  +( 


CONFIGURATION  NO.  -Sdl - 

TEST  NO.  M  MNilii  Sk.lt.r  BoaposM) 
VENTILATION  RATE  a»  ct^/oco 
AVG.  SMELTER  E.T.  »t-»l 
A  VO.  E.T.  OF  ROOM  I  -  ‘M 

2  .  Hal— 

3  _*U_. 

j  -a*  .oil  -<  .3*  1*  |o  *o{»* _ 

;  ROOM  4  I  I  I 

*  +<  -1  *018  -4.a  ♦  ♦ 


i  4^3-— 


0.1  -d.4  +1.JT  +d, 


I  I  Jv  -0,3  -d.a*  1  #*  +<t.a  ^oja*  -j.a 


7  -<j,l*  40  f  4  -0.4*  -0.6  -c.4  +0t7 _ -< 

i  !  |  t  ■  • 

l  ROOM  2 

;  -v’ _ i4-l_  x  A _ t*  .  tS 

l  : ROOM  3  □ 

l  A‘‘  -rtj _ _ .1 


-oil  -0.5  I  -0.6  -aj.l  41.1 


c _ -Q.a  9*  4-ljO _ ♦€  .a* 

1  ROOM  2 

q.j*  -o.i*  p  -oU*  »o.» 


ROOM  3  r] 

;  4-s  -4*-^-^^- 

:  I  i 


I  -ij.o  fOja’  +4.4 


CoDll|untloa^ 

«*y  * 


I  4-flj.  5  44),  .1 

ROOM  I 


Coilliontioi  “  I 

"•*  *  I 


i  49 _ +°\2*  *^a — 


I  /  /  I  T  ME  PLUS  ON  MINUS  MALI 

1  //  I  A»SOLMTt  MA6NITUDC 


CONFIGURATION  NO  — 2=g  - 
TEST  NO.  M 

VENTILATION  RATE  JMLgBfr”* 
AVG.  SHELTER  g.T.lM0.- 
AVG.  E.T.  OF  ROOM  I 

2  _“ii. 

3  64.8 

4  MaQ 


|  -<^a*  1  -8.3  -qj.3*  -ot>  Ti  ni 

ill  1 

i.a  ♦0.3*  -q.a  -©V  -eLs  ♦o.a*  ♦cLa 


[.1  «0|1  -<j.3  -g.3  -0 .5  *0|3 

ROOM  2 

1.1  -Oil*  0  -0.3*  .0.4  -0,3' 


;  room  3  rn 

*  4^2*  ^.1*  -0.3  -0,3*  .1,3 

5  :  i  ' 

£  -J.3  .ojs*  -0.3  -0.8*  *0.2  +1I0* 


tnc  plus  on  minus  values  smown  arc  «ei» 
AiSOLUtC  MA4NITUDC  nf  ™C  *v(*-  t  T-  e*C* 


CONFIGURATION  NO-  _3-» 

FST  NO.  87 

VENTILATION  RATE  *6.0  cf/occ 
AVG.  SHELTER  F.T  83.0° 

AVG.  E.T.  OF  ROOM  I  88.6 

2  84.8 

3  81 .7 

I  |  I  "I  I 

L  ♦fi  .8*  to  .4 _ ^  .4*  -|.4*  -Oj.6  +oj4 

;  ROOM  4  !  i 

*  -( .1  4-014*  -0.1  -4.4  -oU*  -0,1 


.4*  -oi»  -d.i*  ♦o.a  -0.4 


I 


CONFIGURATION  NO  _ 3=1L- 

TEST  NO.  _5S _ 

VENTILATION  RATE  18  clm/occ 
AVG.  SHELTER  E.T.  »°-°0 
AVO.  E.T.  OF  ROOM  I  JEJ — 
2  88-1— 
3  T7.9 


0*  .0. 5  *1.0* 


;  ROOM  4.1  j 

*  £  _ -0^2  I  -q,3  -4^7  I)  *°ra 

T  .0,3*  -0.5  -0,5*_  ^0.7-  I  -!*»** —isU- 

!  — ■* 

*  -<^S*  .0.4  -H.3*  J> _ Z®  1*! - ^  *Va 

S  ROOM  2 

1  .if2  _o  .3  * 4 _ -0.7*  -0.»  *°a 

ROOM  3  I  I  . 

*  .^.7*  .0^4  Taf.3*  -0.5  V  .0,3  .03 

;  -oi.5  -O  3*  -1.3  -1.3*  -l.o  70.5*  .12 


£  I  4ft.  8* 4-o|s  +1.1*  +0.6  +°l3*  *°ltt 


Conf igurstlon  - 
l*y  * 


CONFIGURATION  NO.  - 

TEST  NO.  .52 _ 

VENTILATION  RATE  1Q.S  (Jm/occ 
AVG  SHELTER  C.T..^^ 

AVG.  E.T.  OF  ROOM  I  &JL 

2  gs,2_ 

3 

4  76.7 

“T - ! - —  r  ""i — i  T" 

£  -ii.3  4-o J 2* _ +c .7 _  4.1,3  -0L7*  ♦i|a  4-gL7* 
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Protective  Structures  Development  Center,  Fort  Belvoir,  Va.  1. 
PSDC-TR- 17 ,  15  July  1965 

AIR  DISTRIBUTION  IN  A  MULTI-ROOM  SHELTER  USING  A  PACKAGE  VENTI¬ 
LATION  KIT,  prepared  by  Engineering  and  Industrial  Experiment 
Station,  College  of  Engineering,  University  of  Florida. 


This  report  covers  ventilation  studies  to  determine  the  suit¬ 
ability  of  a  Package  Ventilation  Kit  (PVK)  to  adequately  venti¬ 
late  an  adiabatic,  compartmented ,  simulated  protective  shelter. 
Individual  simulated  occupants  were  used.  Conditioned  ventila¬ 
tion  air  at  the  17.  high  design  day  (Springfield,  Va.)  was  de¬ 
livered  to  the  shelter  at  varying  rates  and  thermal  responses 
for  shelter  and  individual  rooms  measured.  A  habitable  ther¬ 
mal  environment,  as  measured  by  85°  ET  maximum,  could  not  be 
maintained  in  all  of  the  shelter  rooms  through  a  complete  di¬ 
urnal  cycle  in  supply  or  exhaust  at  any  ventilation  rate 
tested  (8  to  25  cfm  per  occupant)  without  auxiliary  air  moving 
devices  (Punkah  Pumps).  At  criterion  85°  ET  average,  diurnal 
cycle,  the  entire  shelter  could  be  adequately  ventilated  by 
the  PVK  (exhaust)  at  14  cfm  per  occupant  with  Punkah  Pumps. 

For  these  same  conditions  with  PVK  as  an  air  supply  16  cfm 
were  required.  Side  rooms  at  diurnal  cycle  exceeded  average 
85°  ET  for  all  ventilation  rates  without  Punkah  Pumps. 
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